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A Study of Iodization and Buddeization on the Enzymes, Bacterial Content,
Physical and Chemical Properties, and Nutritional Value of Milk
Introduction
A great deal of experimental work has been done on mineral deficiencies
in the human and animal oody. The mineral
iodine, in its various organic
and inorganic forms, has occupied the time of many
investigators who were
and still are, ofcourse, concerned primarily with
the prophylaxis and therapy
of goitre.
It is well" known that iodine is a component of
thyroxin which is
the active agent of thyroid secretion, and which is
being continuously used
up in the metabolism of the body. Consequently,
it is essential that the
food should provide a continuous supply of iodine.
The ioaine content of
foods varies according to the district in which they
are grown. In some
parts of the world, notably in certain central
areas of North America, the
soil and the crops grown thereon are deficient in
iodine. Consequently,
human beings and animal stock brought up in such
regions invariably show
the symptoms of iodine deficiency.
The relationship between iodine and the thyroic
gland has been
thoroughly discussed recently by Orr and Leitch(l)
and by Eward (2),
and any repetition here would be superfluous.
A careful study of the published literature
on the role of iodine
in metabolism, not only reveals the importance
of iodine in its relation
to the thyroid gland, but reveals also the
very important fact that iodine
is closely related to the metabolism of
phosphorus and calcium and possibly
the vitamins. Only in recent years have
we learned to appreciate the added
function of Vitamin D and its interrelated action
with phosphors and
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calcium in the proper prevention and cure of rickets. It is more than
probable to assume that iodine has a definite place in completing the
picture. Remington (3) reported enlarged and congested thyroids were produced
in rats by the Steenbock rachitic diet (high Ca, low P) , and by a diet
perfect in all known respects except for a deficiency of iodine. It
appears safe to conclude from this work that an undue stress was being
placed on the thyroid in an attempt to secure normal mineral metabolism
with an unbalanced mineral ratio. In support of this conclusion it is
possible to cite the results of other workers. On diets deficient in
iodine, Thompson (4) found that rats showed many of the symptoms of
ex-
ophthalmic goitre and a decrease in ash and calcium content of the bones.
Curtis et al (5) in an article called "Metabolism and Disease," closes
by saying, "The evidence for the significance of calcium and its
relation
to parathyroid function is convincing. Likewise the interrelation
bet-
ween thyroid function and iodine is inescapable." Experiments by
Smith
( 5) have very decidedly brought out that assimilation
of calcium is de-
pendent upon the function of the thyroid. These tests also
demonstrated
that increase in calcium intake decreased the iodine
content of the blood
and within certain limits the reaction is proportionate.
Although the inter-relationship between iodine and
the vitamins
is still very obscure, certain experimental work woula
indicate that
iodine, through its stimulation of the metabolic
processes, permits more
efficient use of the available vitamins.
Not only has iodine certain health preserving
qualities but its
value as an antiseptic is also recognized. As an
antiseptic, iodine is
ore popularly known in the form of tincture
of iobine. It has recently
mo j
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been suggested (Goldthwait) (6), that tincture of iodine,
if added to milk
in limited amounts, may have a two-fold advantage,
namely,
First; It will be useful in the human diet for proper
thyroid
functioning and for reasons already discussed above.
Second: Its antiseptic qualities will render milk safe for
consumption
and help to preserve its keeping qualities.
The second advantage listed is recommended as a
possible substitute
for the pasteurization of milk. The adoption of
this method would have a
tendency to preserve the so-called "biological properties"
of milk. "These
properties might include such items as enzymes and vitamins.
It is common knowledge today that the application
of heat to milk tends
to destroy not only the bacteria present but also
the enzymes and to a certain
extent, the vitamins in milk. Two questions must now
be raised in connestion
with this subject! (1) mat importance, if any, can be attached
to the
enzymes as affected by heat or other destructive
agents? (2) What effect
has pasteurization on the vitamin content of milk?
With reference to the first question, one cannot
deny that enzymes
do have an important place in our everyday
lives. As one authority has put
it(Waksman): "Life is j,st one enzyme reaction after
another." Tnere are
the enzymes of digestion found in the
animal body. Without them any food
material ingested could not be made available
to the body for the purposes
of energy production and body building.
Then there are the heterogeneous
group of enzymes which bring about the
processes of oxidation and reduction,
*nd which take an active part in cell
respiration. In milk, the enzymes
normally present are also of importance.
It has been shown quite con-
clusively through investigation that the presence
of certain enzymes in
milk are detrimental to its keeping quality. It has also been suggested by
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Lane-Claypon (7) that the enzymes in milk are beneficial in infant feeding.
The possibility that enzymes might either assist in the digestion of the
food material contained in the milk after it has been taken by the infant
or that they might conceivably act as subsidiary agents in connection with
the digestive processes, although not themselves directly concerned.
Waksman and Davison (8) suggest that enzymes may act as therapeutic agents in
clinical medicine. Petersen (9) also stresses the importance of the "enzyme
balance" in reference to tuberculous individuals. He suggests that if the
anti-trypsin of a tuberculous individual with a quiescent tubercle, encap-
sulated by scar tissue, should become reduced, the digestion of the pro-
tective connective tissue might conceivably lead to a liberation of the
enclosed toxic material. Cohen and Ruelle (10) made a record of observations
showing the beneficial effects of unheated milk on children and suggest that
certain important enzymes in the milk are responsible for these results.
Hannas (11) suggests the incorporction of enzymes in the feed of livestock
as an aid to digestion.
In the light of these suggestions and findings, it soon becomes
apparent that any agent, whether physical or chemical, which tends to
inhibit or destroy the enzymes of the animal body or even certain types of
food, particularly milk, may impair ; to a certain extent .the normal
function^
of the body. Turning now to the second question raised, the author approaches
a problem which has not been thououghly settled as yet. Itis true that a
great deal of information has accumulated on the effect of heating on the
vitamin content of milk, and it has been observed that, on the whole, the
behavior of the vitamins of milk towards heat is in accordance with
the
stability to heat and oxidation. By far the most
easily damaged is vitamin
C. The stability of the other vitaminsis
considerably greater than that of
vitamin C. There is no evidence that
the degrees of heating to which
milk
Lcium
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is commonly subjected have any deleterious effect upon them. One con-
troversial point should be mentioned in this connection and that is the
influence which heating has upon the calcium content of the milk. Since
the interaction of vitamin^) with an adequate supply of the mineral cal<
plays so important a part in the maintenance of a normal calcium metabolism,
it is not possible completely to ignore this ^oint. There is no doubt that,
eaen at pasteurization temperatures and exposures for such periods as is
customary, w/VU4A**s*MU<jet£^^ the amount of available calcium in
the milk, but it is much disputed whether the degree of reduction is im-
»
portant, particularly when weighed against the dangers of infection, which
menace infants, consuming unheated milk.
Having made an attempt to justify the treatment of raw milk with
iodine so as to preserve the "biological properties" of milk as well as
enhancing its nutritive value and at the same time destroying the bacteria
of milk in a manner similar to that of pasteurization, the author introduces
the subject matter of this tnesis by asking the following question: What
effects will the treatment of raw milk with chemical agents, such as iodine,
have on the bacteria, enzymes, physical, chemical, and nutritional pro-
perties of the treated milk?
The general practical application of chemical agents to milk to
render it safe for consumption, and above all, to make it more
beneficial
than heat- subjected milk is one that is still debatable. The preservation
of the so-called "biological properties" o.f milk with chemical ftgents has
yet to be proven good or bad.
At different times methods have been brought forv/ard
which should
destroy the bacteria in milk vdthout the application of heat.
It may be
said at once that none of them has been widely used.
Towards the end of
last century Budde'(12) suggested the addition
of hydrogen peroxide to
milk in order to preserve it, and to
destroy the bacteria. This method
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gained some little vogue in Europe, especially Germany, but it has been
completely abandoned at the present time. It was claimed that the
milk
remained in effect "raw" milk, and that the "vital" properties were not
destroyed. At that time scientific knowledge as to the artificial
feeding
of infants was in a rudimentary state.
The theory behind this process of Budo.eizati.on is that the hydrogen
peroxide is split up by the catalase in the milk. The nascent
oxygen lib-
erated acts as a powerful antiseptic. Where sufficient
of the reagent is
added bacterial growth is inhibited. Difficulty arises,
ofcourse, in
determining how much should be addedto milk whenthe
total bacterial content
is unknown. Hydrogen peroxide has a very
disagreeable taste, so that it is
necessary to add only as much as may be required
for the purpose of sn
antiseptic.
As the physicians of Germany gained experience
in the feeding of
infants and found the excellent results which mm
obtained by the use of
milk which is heated, attention was diverted from
the need for Buddeization,
and literature v. of i< to day contains no
mention of this method.
It was with a great deal of interest to the
author and his associates
to compare the nutritive value of milk
treated in various ways. It was
decided to study the effect of aaded iodine
to milk, and to use the so-
called "buddeized" process milk as well
as raw and pasteurized milks as
checks. It remained to be seen
^iodized milk would be more beneficial
as a food because of its iodine
content than would buddeized milk
which was
mer6ly treated so as to destroy the
growth of bacteria. Raw and pasteurized
milks were to serve as controls.
More specifically the objectives of this
thesis work are as follows:
(1) Determination of the
effect of progressive increases of
iodine and hydrogen peroxide on the bacterial
content and on some of the
\
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enzymes normally found in milk.
(2) Determination of the effect of
progressive increases of
iodine and hydrogen peroxide on some of the
digestive enzymes added to
milk.
(3) Determination of the effect of
added iodine and hydrogen
peroxide on some of the chemical and physical
properties of milk.
(4) Determination of the relative
nutritive value of raw,
pasteurized, iodized and buddeized milks on
albino rats.
-8-
Review of Previous Work
The primary objective of this work is to determine specifically
the probable greater efficacy and feasibility of treating
raw milk with
various reagents rather than with heat, so as to improve its
food value.
Aside from the various ramifications into which this work
leads ,the
previous work done by other investigators on this subject has been made
use of in smoothening the progress of this thesis
work.
Raw versus
Heated Miik
The controversy as to the relative nutritive values
of raw and
heated milk still continues, and the evidence is still
contradictory.
Raw milk advocates have vigorously contended that
heating milk adversely
affects its healthfulnees and growth-promoting capacity.
Repeated ref-
erence has been made to experiments condueted at Ohio
State University (13)
and at the British National Institute for Research
in Dairying (14), from
which the conclusion is drawn that white rats which
are fed upon heated
milk will not grow as well as white rats fed upon
raw milk. A statistical
analysis of Leighton and McKinlay's (15)
figures on the effects of raw and
pasteurized milk on the increase of height and
weight in children showed
that the statements of these authors that
raw and pasteurized milk were of
equal value were not correct,
but that raw milk produced the
greater in-
crease in weight and height. On rats
the ill effects of sterilized
milk
were noted only in the second and
third generations. None of the
*hird
generation fed on fresh sterilized milk
lived for more than a day. Holder-
pasteurized milk, while better than
sterilized, was not as good as raw milk
either as regards growth or
reproduction. Cohen and Ruelle (10)
re-
ported that good results were obtained
following the use of milk untreated
by heat in cases of digestive disturbances (diarrhoea and vomiting).
Ladd et al (16) found that raw certified milk gave a considerably greater
percentage of weight development in infants than either pasteurized milk or
pasteurized milk with orange juice and cod liver oil. Ellis and Mitchell
(17) reported that the pasteurization of milk slightly lowers the avail-
ability of its calcium for the growing rat, possibly by destroying some
unknown constituent of the milk that favors its utilization in the animal
body. They claimed a reduction of 12.3$ in the availability of milk cal-
cium. Other experiments wnich have been reported showing that reduction
in the soluble calcium of milk by heat is significant are those of Magee and
Harvey (18). They showed that the reduction of soluble calcium of milk
by heat adversely affects the metabolism of calcium, phosphorus and nit-
rogen. This fact may eventually give rise to gross signs of rickets in
young animals which are fed on heated milk. (Orr et al) (19). Symptoms
other than those resulting from defective formation of bony tissue have been
attributed to the feeding of heated milk to children (Hess) (20). Heat
also brings about considerable losses in the iodine content of milk* (Magee
and Glennie) ( 21) . The fact that these losses were greater in the case of
boiled milk then in the case of pasteurized milk seems to indicate a
progressive effect of the heat.
workers in this country and abroad with regard to the merit of heated
milk over raw milk for infants feeding. Abt (22) stated that clinical
agreed that boiled milk is more readily digested than raw milk. Brenne-
mann (23) in his classic experiment on the coagulation of cow's milk in
An equally large clinical literature records the observations of
observers who have fed raw and boiled number of years are
the human stomach has conclusively shown that boiled
and evaporated
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form softer, finer curds in the stomach (as well as in vitro) than does
raw milk. Hess et al (24) have studied peptic digestion of cow's milk
and
the effect on it of various modifications used in infant feeding, includ-
ing boiling. They showed that heat treated milk is more digestible by pep-
sin in vitro than raw milk and they concluded that the greatest value of
all the milk modifications studied by them lie in the softer, broken curd
which exposes a large surface to the digestive juices and in the denatur-
ization of the proteins. Zonja and Koch (25) have found that raw milk when
pasteurized, boiled, or evaporated undergoes changes which make it more
readily digested by trypsin in vitro than is raw milk. The changes
are
quantitatively greater for boiled and evaporated milk than for
pasteurized
milk. The increase in trypsin digestibility appears to
be a function of
the temperature to which the milk is heated and the length
of time it is
heated. Krauss (26) could find no differences between hemoglobin
deter-
minations and red cell counts, rate of nutritional anemia when paired
albino
rats were fed raw and pasteurized milks. Morris and Graham (27)
found that
substitution of raw milk for boiled cow's milk did not markedly
improve the
retention of nitrogen, calcium, and phosphorus in two healthy
infants.
Elvehjem and his coworkers (28) could find no differences in growth
or devel-
opment over a period of thirty weeks in rats fed
mineralized raw milk and
mineralized pasteurized milk. They claim that
pasteurization has practically
no detrimental effect, as measured with rats,
upon the nutritive value of a
milk of high nutritive quality, but may further decrease
the value of a milk
of low nutritive quality. Okadu and Tadashi (29) found
that raw milk was
not superior to milk heated at 60°C. for 30 minutes, but
above 60°C. there
was poor development in inverse proportion to the
degree and time of heating.
Frank et al (30) made a study of the height and
weight of two groups of about
1800 children each between 10 months and 6 years
of age, drawn from a number
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of cities in 10 states of the United States.
One group had received heated
(including pasteurized, boiled or evaporated) milk
for more than the latter
half of their lives, and the other, similarly,
raw milk. They found no
significant difference betweenthe weights or
in heights, in the raw and heated
milk groups.
This short review of the pros and cons for
either raw or heated
milks in the diet reveals the fact that more
definite data on the subject are
needed. The idea that raw milk supplies ought
to be treated irfays other
than the heat treatment does not seem
entirely out of place. The suggestion
of iodization or buddeization of milk
certainly ought to be given more
consideration.
Iodization of Milk
iodizing the general milk supply would
insure a constant source of
iodine to all persons using milk. It would
automatically treat a great
many individuals who either through
ignorance or lack of funds have had no
knowledge of a thyroid deficiency. It
would serve as a prophylactic,
particularly in young growing children, when
an iodine deficiency has not
manifested itself in any symptom used in
diagnosis. On thither hand, in
cases where a constant supply of iodine
would be irritating rather than
beneficial, some source of ordinary or
non-iodized milk would need to be
available.
McHarg (30) reco-nends the us. of
organic iodine in milk. He
assigne oertain definite values to
such a procedure. Mil* fortified
in
such a way aseiete in the aheorption
and assimilation of calcium,
phos-
phorue, and magnesium.
Organic iodine in mil*
paeeee readilv
gigestiv. tract into the hlood stream,
exercising a high bacterids!
po„er in combating blood
toxins and pathogenic organisms common!,
present
in the digestive tract. Addition of
organic iodine to the mil* definite!,
buiid, up resistance to dieease.
Devereux (3i> also suggeete direct
iodising of milk. A. advantage of this
method, he claims, is in the
,b-
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solute control of the amount of iodine to
be used. He also suggests that
because of its great germicidal power,
iodine offers some interesting
problems in the production of a sterile
milk for bacteriological and
therapeutic purposes. Goldthwaite s (6)
suggestion in connection with
iodizing milk supplies has already
been mentioned.
It is now an established fact that
the iodine content of milk can
be increased by feeding cows some
source of inorganic iodine, such as pot-
assium iodide, or some source of organic
iodine, such as ke*p. Krauss and
Monroe (32) state that putting iodine
into milk through the cow shows a re-
covery of 10-15* of the iodine fed in the
milk of the cow. This procedure,
no doubt, benefits the cow also. Hanford
et al (33) found that the iodine
concentration of the milk obtained from cows
fed iodized dry milk is distinc-
tly influenced and increased. That
iodine, like certain other constituents
of the diet enters into the milk and
seems to be transmitted according to
the amount ingested has been shown
by Corrie (35), Orr and Leitch (1),
and Fellenberg (36)
.
Form of Iodine Best to Use
There is ftp* confusion as to
what form of iodine should be used.
Claims of superiority to one form or
another have been advanced. Di.agree-
McHarg (30) states that iodine in organic
combination is a food, whereas
potassium iodine, tincture of iodine, or
other inorganic iodine compounds
are drugs. A U. S. Public Health Service
bulletin (37) claims that inorganic
iodine in anything but minute quantities
is found to be highly
i«t.lr eliminated from the
system within twenty four
dangerous and is comple e y
x
Weston (38) claims that
inorganic iodine is very
much
hours after using. l«j i x
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inferior to that of organic iodine in the body. Inorganic iodine is re-
covered in the urine within 24 hours— not so with organic iodine. The
latter is stored more readily in the body than the former. No inorganic
iodine is found in the thyroid gland and little in the tissues.
A report at the White House Conference on nutrition (39) states
that all forms of iodine, whether ths free element or the organic complexes
are absorbed from the alimentary tract and utilized by the body. Free iodine
U>kie|) ore
is probably converted into organic complexes or into iodides absorbed. Iodine
in any form and administered in any manner is effective in curing simple
goiter. Fellenberg (40) using himself as a subject, and with a very low
iodine intake, reported that retention in the body is in the following
descending oraerj Iodized fats, iodides, iodine in vegetables, iodine in
animal foods. Remington et al (41) also agree that inorganic iodine is more
readily and completely utilized in the diet than is organic iodine.
Physiological Effects of Iodine Ingestion
In Aargau, Switzerland, the use of iodized salt has lowered the
incidence of goitre without the occurence of any toxic manifestations (42),
In Finland, the feeding of a weakly ioaized mineral mixture to cattle decreased
the frequency of goitre in calves and had a good effect on the fertility and
milk yield of cows (43). Westra (44) found that potassium iodide when given
orally to growing rabbits in progressively increasing coses up to .5gm. per
kgm. body weight or when given lgm. per kgm. body weight subcutaneously,
did not alter appreciably the rate of growth. Prolonged administration in-
duced a marked tolerance to potassium iodide. Doses which, injected with-
out preparation, would have been fatal, could be given without producing
toxic symptoms after prolonged treatment. Niklas (45) and co-workers found
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that large doses of iodine, given to either goats or swine over long periods
of time, did not cause a persistent higher iodization of the body fluid
than normally. No unfavorable influence on the health of the animals re-
sulted. Phillips, Erf, and Curtis (46) fed a herd of dairy cows
increasing
amounts of iodine for three years. They did not discern any
abnormalities
in the entire herd. Calves developed normally and there
was no evidence of
hyperthyroidism. It was first shown by Smith (47) that the premature
birth and imperfect development of the young in pigs could be prevented by
administration of iodine to sows. Studies conducted by Weisser and Veghelyi
(48) on a herd of 474 merino sheep which were fed 4-40 mgs.
iodine per head
per day and observed through three generations showed also that
the iodine
had no harmful effects.
On the other hand, several works which have been published
show that
the ingestion of iodine may prove toxie; Herzfeld and
Frieder (49) attributed
the clinical signs of hyperthyroidism and rise in basal
metabolic rate in 65
out of 195 cases to the use of iodine. They claim that
in some cases hyper-
thyroid symptoms had existed before and were aggravated by the use
of iodine.
Raale (50) on the basis of inquiries and personal experience
concluded that
there is no criterion in adults by which iodine tolerant and
iodine sensitive
individuals may be distinguished. The only way to avoid
thyrotoxicosis, he
suggests, is to avoid all unnecessary iodine medication,
especially with in-
organic compounds. Even in plant life, iodine has been
found to ahve a de-
pressing effect. Wynd (51) added potassium iodide to
Shive's nutrient
medium in concentrations of 1, 5, 10, and 20 p.p. m. of
iodine, end thereby
demonstrated a depressing influence upon growth, with loss of green color
and dropping of leaves of plants.
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Effect of Iodine and Hydrogen Peroxide on Enzymatic Activity
The author has found the literature dealing with this particular
phase of the subject relatively limited. However, various standard textbooks
on enzymes and certain occasional publications have mentioned the fact that
iodides and peroxides, among other reagents, have an inhibiting effect on
enzyme activity.
Clifford (52) found that the digestion of fish protein by trypsin
was delayed by addition of halogen salts of Li, Na, K, and NH4 . Steppuhn
and Timofejewa (53) reported that at a pH 3.8, iodine decreased the activity
of pepsin. Thfoir results do not permit of a prediction as to what would be
the effect of iodine on proteolysis in vivo. Waksman and Davison (8) claim
that lipase and ptyalin is injured by iodine. Haldane (54) states that the
activity of all enzymes so far investigated is reduce by iodine. Thiosulphate
does not reactivate the completely inactivated enzyme (caused by iodine),
while having no effect on the normal enzyme.
Mann(55) found that an inhibition of peroxidase activity occurs in
an excess of hydrogen peroxide. Morgulis and Bercovici (56) reported that
if the buffering was insufficient, the catalase reaction decreased with in-
creasing hydrogen peroxide concentrations, and furthermore, with greater
concentration of peroxide the proportionality between enzyme and oxygen set
free also tended to become less general. Waksman and Davison (8) and
Haldane (54) state also that certain enzymes, such as diastase and catalase
are sensitive to hydrogen peroxide, while others (pepsin and trypsin) are
not. Gerber (57) found that the caseification of milk by vegetable, animal,
and proteolytic enzymes in the presence of increasing amounts of iodides was
-16-
delaycd notlcsahly. Iodine also
inhibited the eaccharifNation of et.rch
by vegetable anc animal
amylases.
.<<.,*. of Heat. Todine. and Hynr^en Per.»id.
on the
physical a"* Phemical Properttea of
Milk
Magee'and Harvey (58) found that
heat lessened the etability of
the
conoids in milk, leered the viscosity
slightly in paet.uri.ed milk, but
reised it definitely in boiled fa*.
Heating did not appear to affect
the
rate of tryptic digestion in
vitro. Associates of Rogers (59)
state that
heating causes the titrable acidity of
Ilk to decrease at first due to
separation of carbon dioxide and
then increase at a rate depenning
on temp-
erature till coagulation occurs.
Other features of ths effects of
heat on
milk equilibria are a partial
precipitation of buffer salts, changes
in the
Characteristics of the prote.n ano
partial earamelisation of the
lactose.
s . (9i\ as etated previously, found that
heat
Magee and Glennxe (21),
x x a i*
bri„gs about considerable losees
in the iodine content of
Ilk. The found
else that the fat contained
.ore iodine than an e qual
volume of separated
Bilk. Their contention is that
the iodine is associated with
the fat. being
chemically hound 1th the unsaturated fatty
acids. This work is in dis-
egreemsnt with that of Scharrer
and Schwaibold (60) who claim
that the fat
contains generall either no iodine
or a negligible ,uantity.
Xorever, it is
t„e protein material which ie
relatively rich in iodine.
Their analysis of
Ai =+t-ihntion of the iodine: 4. 5%
dried milk samples revealed the
following d stribut
, n *d waa in organic combination m
of iodine in the fat, U* in the
serum; 60.5* s g
nd 4 01 was in inorganic
combination in the serum.
Miethke
the serum, a .0/o
auu &
+,„alv \arffe
end Oourth (61) .ate that
coloetral-
proportion of iodine, hut this * " ^^ the tect that
houre after parturition.
Associates of Rogers J
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organic iodine in proportions as high as 20 p. p. m. imparts no unpleas-
and taste or odor to milk. Devereux (31) found that iodine in colloidal
form (molecular iodine) does not alter the taste of milk up to concentra-
tions as high as 90-100 p. p. m., which is a great excess £§r dietary-
purposes.
In reference to the effects of hydrogen peroxide on the various
properties of milk, the author has been unable to find any literature
dealing with this particular phase of work. However, it if fairly well
known that hydrogen peroxide has a very disagreeable taste, and indis-
criminate additions of this reagent to milk as a preservative will render
the milk unpalatable to tho consumer.
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Experiraental Procedure
I. Biological Properties of Milk
A. Effect of Iodine and Hyarogen Peroxide on the Bacterial Count of Milk
Before any experimental work of this nature could be carried out
in any aefinite way, it was necessary to determine the approximate amount
of iodine which, when added to fresh raw milk, would reduce the bacterial
content of the milk in amounts similar to the pasteurization process. The
original suggestion of Goldthwaite (6) was followed in setting up arbitrary
amounts of iodine to be added to raw milk. Throughout this entire experi-
ment, the form of iodine used was tincture of iooine prepared in the lab-
oratory from time to time according to a standard formula (H. S. P.).
In all experimental work, five progressive series of different
iodine levels wer6 used in each separate trial and study. The first series
represented the control. The others contained increasing amounts of tincture
of iodine. The concentration of iodine was so made that each series con-
tained enough tincture of iodine to have present the following approximate
amounts of free iodine in the following manner:
Series 1. No aoded iodine-Control
" 2. 50 P. p. m. free iodine*
3. 100 p. p. m. "
4. 150 p. p. m. "
5. 200 p. p. m. "
Since tincture of iodine was used, the solution naturally has a
certain amount of its ioaine in a free or relatively unstable state espe-
cially when added to other aqueous solutions. This fact presented a
Approximately 9 drops tincture of iodine
per quart of milk. The
The subsequent series represent
multiples of 9.
difficulty. Certainly, some of this free iodine would vaporize during the
course of a particular experiment. With this in minu, it was necessary to
subject each series of each particular experimental trial to the same con-
ditions as humanly possible, so that whatever amount of iodine vaporized
in one trial, practically the same amount would no doubt vaporize in an-
other trial. In this way, comparable results could be obtained with as
little error as possible.
In carrying out the bacteriological part of this work, no attempt
was made to study the effect of added iodine on any one particulargroup of
microorganisms which might occur in market milk. An attempt of this kind
is outside the scope of this paper. However, from a quality milk control
stanupoint, it was necessary for the author to determine the effectiveness
of iodization of milk on the gross total bacterial count of this milk in
much the same way as the milk plant operator tests for the efficiency of
pasteurization.
Samples of milk were obtained daily from the storage vat* in the
market milk room of the dairy department at Massachusetts State College.
The milk taken from this source represented the regular run milk which
was pasteurized at 142-145°F. for thirty minutes and sold to consumers.
The samples were taken in clean empty milk bottles and were immediately
iodized and shaken thoroughly. Plate counts** were taken subsequent to
iodization and then the bottles were place in cold storage at 50°F. or
below. At 6 hour intervals, during the day and early evening, samples
of
milk were taken from the bottles and plated out again. Following,
the first
Temperature of milk 50°F. below.
Standard methods for milk analysis was used throughout experiment.
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twelve hours of storage, samples were again plated out at 24, 48, and 72
hours. All samples were plated in duplicate. Table 1 shows the average
results obtained from 19 different trials using iodized milk.
Table 1. Bacterial Counts per c. c. of Iodized Milk at 50°F.
*
,p_
Treatment
J
Initial <
: » : i
6 Hours *12 Hours : "24 Hour's 48 Hours"' 72 Hours
Control (Raw) * 2,150
,
50 p. p. m.. 2,800 »
100 p. p. m.j 1,890 i
150 p. p. m.. 1,805 i
200 p. p. m.j 1,740 i
•
I
•
2,640 3,875 ]
2,900 : 3,500 '
2,400 ! 2,700 !
2,100 5 2,000
1,575 : 1,500
: i
7,300 -.17,450 : 82,000
8,000 * 15,000 1 75,500
4,000 : 11,500 '77,000
: 3,550 : 8,600 : 35,000
- 3,500 : 9,000 * 37,500
i : :
: t
Corresponding samples of pasteurized milk were tested for bacterial
counts per cubic centimeter. An initial count and one taken after 72
hours of storage at 50°F. were observed:
Average initial count of pasteurized milk per c. c.—13
" after 12 hours 412
" 24 hours 150o
" '• 72 hours 2050
Since the original quality of this raw milk was consistently high,
it was decided to iodize samples of milk which showed a high bacterial
count. In this way, the effectiveness of iodine on market milk of a high
count could be ascertained.
Samples of milk of this kind were either obtained from dealers or
the regular M. S. C. milk supply was used but whose bacterial content was
increased either by allowing to stand at room temperature for several hours
or by inoculation with small amounts of "starter'.' Table 2 shows the results
* Sample taken immediately after preparation.
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obtained with a high count milk.
& _ ui av, Count Iodized Milk Held at
Taile 2. Bacterial Counts per c.c.
of a High o x x a
50°F. *
""Treatment 1 Tm ti»lJl2^1ours • 2* Hours • 48 Hours! 72 Hours j
"control (Raw) j 65,000 1
128,000
J
366 000
'|fj ;500
;i,|00.Q^
50 p. P. m. i 72,100
, 92 500 « 230 000 • 720,000'
100 p. p. «. : 53,500 . 74,000 92 ^ ,
fol l: l: :: : S:SS ; SS:S . 45:000 .
*t» . 99,300;
: ; J. j
Corresponding samples of pasteurized milk:
Average initial count of pasteurized
milk per c.c. 778
_
1800
« count after 12 hours
4500
72 »
23500
It can readily be see, from
the table, that iodine added to milk
.t the rate of 50 p. p.
(approximate!* 9 drops) does not appreeiabiy
, wt.rin as efficiently as does the pasteurisation
reduce the numbere of bacteria
ii ou k^
Thiq last statement holds true when
process or ionization at 200 p. p. «.
s x xo
~~ Q + =;n°F If milk is to be kept for
milk is to be kept 12 hours in
storage at 50" . a
septic effect on the viabzlity
of bacteria. The percentage
increase in
the total count in the iodized
samples of *ilk is not
appreciably less
than in the control raw Mil*.
A casual inspection of
Tables 1 -* »
(reading up or down the colons)
revsale tne antiseptic effect
of iodine
on the bacterial content of
«ilk in another .ay. The
officiono, of paet-
.^tf.? end iodization has been
determmed from the abce tables,
* Average of 8 trials.
"~
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Per cent Killing Power (Tniti^)
Treatment Low ^ount Milk High Count Milk
Pasteurization at 142-145°F.
for 30 minutes 90.08$ 98.8$
50 p. p. ra. Iodine -23.2$ -9.8$
100 p. p. m. " 12.8$ 18.6$
150 p. p. ra. " 16.0$ 21.5$
200 p. p. ra. " 19.0$ 26.1$
Even though iodization of milk at the rate of 200 p. p. ra. appears
to be approximately 75$ less efficient than pasteurization as far as killing
bacteria is concerned, it must be remembered that the iodine still has an
antiseptic effect as well as an inhibitory effect on the growth of the
bacteria during the period of storage. In the pasteurization process, once
the milk is cooled after the holding period, the killing action stops—but
not so with iodine. However, pasteurization destroys such a large number of
bacteria in comparison to iodization, that the bacterial count of pasteur-
ized milk even after 72 hours of cold storage is far lower than milk iodized
at the rate of 200 p. p. ra. iodine.
It may also be noted that both pasteurization and iodization have a
greater efficiency in a high count milk than in a low count milk.
Effect of Buddeization on the Bacterial Contit of Milk
In studying the effect of added hydrogen peroxide to milk, the same
procedure and technique was used as when studying the iodization
process. A
3$ C. P. Baker's Analyzed solution of hydrogen peroxide was used. The
following tables (3 and 4) show the effect of buddeization
on the bacterial
count of milk.
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Table Bacterial Counts per c. c. of Buddeized Milk at 50°F. *
Treatment Initial •
•
•
12 Hour3 :
t
24 Hours J 48 Hours J
• •
• •
72 Hours •
Control (%w) 3,210 •• 5,500 •• 10,400 ' 42,300 : 132,500
•
•
I
50 p. p. m. ' 3.050
1 5,500 t 12,900 * 45,000
t
123,000
I
100 p. p. m. 1 2,100
• 4,200 i 10,500 ' 44,000
t
151,550
150 p. p. ra. ! 1,800 1 4,000
1 9,900 1 45, 500 I 145,000
:
200 p. p. m. ! 1,000 I
:
1,500 7,200 * 38,000 :
:
145,000 I
•
•
: a
•
•
•
•
Table 4. Bacterial Counts per c.c. of a High Count Buddeized Milk at 50°F.
Treatment 1
•
•
Initial •
:
12 Hours:
•
•
24 Hours ••
1
48 Hours: 72 Hours:
: :
Control (Raw) : 53,500 : 143,000 : 383,000 1 953,500 :1, 393, 000 :
50 p. p. m. : 50,100 •* 138,000 : 365,000 : 950,000 : 1,400,000 :
100 p. p. m. •• 48,000 : 125,000 : 291,000 «• 735,750 11,250,000 :
150 p. p. m. : 34,000 : 112,800 i 245,000 •• 725,000 :1, 265, 000 :
200 p. p. m. 1 30,000 i 92,000 t 183,500 : 703,250 : 1,250,000 :
1
•
•
•
• : : :
1
•
• : : :
Low Count Milk
(Pasteurized)
Average Initial Count per c.c. 75
after 12 hrs.693
•• 24 .i 1900
72 " 3100
Efficiency of Killing Action
Treatment
High Count Milk
(Pasteurized)
425
1350
3700
19500
Pasteurization at 142°-
145°F. for 30 minutes
50 p. p. m. H2O2
100 p. p. m. "
150 p. p. m "
200 p.p. m. "
Per Cent Killing Power (Initial)
Low Count Milk
97.6$
4.9$
34.5$
43.8$
68.8$
High Count Milk
99.2$
6.3$
10.2$
36.4$
43.9$
* Average of 11 trials.
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Evidently, the budceization of milk has a greater germicidal
effect on the bacterial content of milk than iodization. After a period
of 24 hours, the bacterial content of milk seems to be unaffected by the
hydrogen peroxide, since the count evenin as high concentrations as 200
p. p. m. H2O2 increases with great rapidity and almost approaches the num-
<vre
bers of colonies which found in the lesser concentrations and in the un-
treated controls. It seems apparent therefore, that the action of hydrogen
peroxide is relatively quick, whereas in the case of iodine, the latter seems
to have a more lasting antiseptic effect on the bacteria.
It is also evident from the above results that the efficiency of
buddeization is less in the case of a high count milk than in the case of
a low count milk. This fact is contrary to the comparative efficiency of
iodization in a low and high fount milk.
Neither buddeization nor iodization, in the concentration used,
approach the efficiency of pasteurization.
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B. Effect of Iodine and Hydrogen Peroxide on the Enzymes Normally Found in
Milk
The literature pertaining to the enzymes normally found in cow's milk
is limited. What work that has been done on this subject is conflicting more
or less. A study of the enzymes found in milk presents a natural difficulty
because of the variable nature of thaproduct. Poorly controlled experiments,
lack of standard methods of analysis, and use of unsuitable antiseptics, have
also contributed to the relatively unsatisfactory status of this subject.
Without going into the nature of enzyme action, the author will present a
brief discussion of each enzyme studied and this will be followed by a pres-
entation of the experimental results obtained by him.
1. Catalase.—The presence of this enzyme in normal cow's milk was
first shown by Raudnitz (62). The catalase content of cow's milk varies with
the breed and individual animal. Colostrum and milk from cows in the last
stages of lactation contain large amounts of catalase. It is said that the
feeding of gfceen staffs increases the catalase content of milk.
Cream contains greater proportion of catalase than the milk from
which it is separated. An increased catalase content accompanies appreciable
numbers of bacteria and leucocytes in milk. This fact has been taken consid-
eration as a means of determining the quality of milk and of detecting milk
from diseased udders.
The two main sources of catalase in milk are from the blood of the
cow and the bacteria present in the milk.
Although no nutritional value has been attributed to catalase by any
observer, it has been suggested, however,
that the importance of
catalase ought not to be overlooked in respiration processes. The
almost
universal presence of catalase in tissues has for its object the immediate
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splitting up of any peroxide which might be formed; the peroxides being
substances which are believed to be detrimental to the life of the cells.
Orla-Jensen (63) showed that the true lactic acid bacteria in contrast to
most other bacteria, are totally lacking in catalase anc as a consequence
cannot develop very well in the presence of oxygen (or ordinary air) be-
cause peroxides are usually formed in this way. It has been assumed that
the presence of catalase determines the rate of oxidation which occurs at
different stages in the life cycle of an organism (64).
Like inorganic colloidal catalyzers, catalase decomposes hydrogen
peroxide into water and inactive molecular oxygen. It is not an ox-
idizing enzyme and must be distinguished from peroxidase which activates the
oxidizing action of peroxides. Peroxides other than hydrogen peroxide are
not attacked by catalase.
Several methods have been used for the estimation of catalase.
Zaykowsky and Alexsijeff (65) have outlined a method by KMn04 titration.
Although this method is fairly reliable and accurate, the author has em-
ployed the direct oxygen evolution method which is more simple to work
with than the former method mentioned.
Description of Method for the Estimation of Catalase in Milk.—The author
slightly modified the method given by Palmer (66) by substituting a grad-
uated fermentation tube for one that was not graduated but used in conjunction
v«ith a delivery tube connected to an Erlenmeyer flask which contained the
milk.
20 c.c. of the milk sample to be tested w#i* measured into a grad-
uated fermentation tube (graduation in cubic centimeters). To this was
added 20 c.c. of 3 per cent H2O2 solution. The milk sample had been
warmed previously to 37.5°C. The mouth of the tube was stoppered and the
contents allowed to fill the neck. The tube was placed in the 37.5°c.
incubator and held there until the gas ceased to be evolved. (Usually
about one hour). A whole series of samples were tested at a time. The
catalase activity is expressed in cubic centimeters of oxygen liberated from
20 c.c. milk.
Some series of samples were preserved with toluene and others were
not. This was done with the aim of studying the effect of iodine and hy-
drogen peroxide on the catalase inherent in milk and on the bacterial cat-
alase.
Table 5. Estimation of Catalase Activity*
Treatment
: Cubic Centimeters of Free Oxygen Evolved Per 20c.
c
. Milk
: Iodized Milk : Buddeized Milk
: Toluene Preserved ;No Toluene : Toluene Preserved ;NO Toluene
Control (Raw) : .83 ! 2.45
•
•! 2.01
•
•
•
•
2.75
50 p. p. m. : 1.12 ! 1.76 i 2.31 s 2.70
100 p. p. m. : 1.14 i 1.56 : 2.19 : 2.32
150 p. p. m. t 1.1 i 1.406 : 1.38 . 1.98
200 p. p. m. : .75 1.24 : .86 .t
,
1.23
In table 5, the use of toluene as a preservative gives an entirely
different picture as to the effect of iodine and hydrogen peroxide on cat-
alase. In the toluene preserved samples, the catalase inherent in milk,
presumably, comes into play. In the first column, "there is evidence of a
stimulation of catalase by the addition of iodine up to a concentration of
100 p. p. m.; above this concentration there is a definite decrease in the
catalase activity. Apparently small amounts of iodine stimulate catalase
activity. In the case of hydrogen peroxide, the increase in enzymatic acidity
* Average of 8 trials in each case. Toluene was added immediately after
sample was obtained; this was followed by either iodine or hydrogen
peroxide.
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takes place in concentrations up to bO p,p, m. Beyond thxs concentration,
there is a slight falling off inthe decomposition of H2O2 at first,
following by a more rapid decline.
In the samples which were not preserved with toluene, we come up
against bacterial catalase to a large extent. There is a progressive
decrease in catalase activity in uoth iodized and budaeized milks. The
decline in activity is more papid in the iodized milks up to a concentration
of 150 p. p.m. than in the buddeized samples. However, at a concentration of
200 p.p.m. there seems to be a slowing up and balancing effect in the
production of oxygen in the two differently treated samples.
That certain enzymes are sensitive to oxidizing agents is well
known. Catalase is particularly sensitive to such agents. It is therefore
apparent that catalase activity would be reduced since iodine and hydrogen
peroxide are oxidizing agents.
In the trials with no toluene, there is found an increased activity
of catalase with a decrease in the amount of added iodine and hydrogen per-
oxide. The explanation in this case, aside from the one feiven in the pre-
ceding paragraph, is apparently simple, since it is evident that most of
the catalase is of bacterial origin. It therefore stands to reason that there
will be more catalase activity in the tubes where fewer bacteria are killed.
2. Peroxidase.—This enzyme is usually considered by many workers
as an inherent enzyme of milk. The amount of this enzyme is variable in
different samples of milk. Violle (67) found that the greatest concent-
ration of peroxidase occurs in separator slime.
Peroxidase is one of several different types of oxidative enzymes
which bring about the processes of oxidation, reduction and the formation
of organic acids, alcohols, and carbon dioxide. It takes an active part
in cell respiration. Peroxidase cannot use molecular oxygen; it can only
^9
act in the presence of hydrogen peroxide or certain organic peroxides. The
enzyme increasesthe oxidizing potential of theperoxides. It transfers
oxygen from the peroxide to the substance to be oxidized very readily. It
differs from catalase in that it liberates oxygen in an active state, while
the product of catalase is inactive oxygen in a molecular state.
Quantitative Estimation of Peroxidase Activity in Milk.
—
Rice and Hanzawa (68) have proposed the method of Bach and Chodat
with slight modifications which the author has used in determining the per-
oxidase activity in milk. The description of the method is as follows.
"Place sample in a tube, warm slightly, and centrifuge. Transfer
10 c.c. of the skim milk to a glass-stoppered bottle of about 100 c.c. of
b% pyrogallol and 10 c.c. of 1% H2o2 . Shake well, and fill up the bottle
with a solution prepared by mixing 60 c.c. water with 10 c.c. of 1% H2o2
and 10 c.c. of b% pyrogallol. Stopper tightly, and let stand for 7 days at
room temperature. Filter on a weighed gooch; wash the precipitate, first with
the pyrogallol—
H
202 mixture just described, and finally with distilled
water. Use no more than the necessary quantity of water in the washing,
since purpurogallin is slightly soluble. When the washings do not give a
dark blue color with ferric chloride solution, all the pyrogallol has been
removed and the filter has been sufficiently washed. Dry the filter thoroughly,
wash 2 or 3 times with petroleum ether, dry, and weigh. The weight of
purpurogallin (in mgs.) yielded by 10 c.c. of milk is to be called the per-
oxidase number."
The reaction is probably as follows:
3C6H
(OH) 3 / 20 » C6H3(0H)(00C6H3 (0H) 2 ) 2 / 2H20
pyrogallol purpurogallin
30^
Table 5. Effect of Iodine and Hydrogen Peroxide on peroxidase in Milk*
t ^illi^rams of ?urpuroF,allin
Treatment ilodizoa Liilk t Budueized ailk
Control (Rax.) » 409.91 : 398.23
50 p.p.m. : 321.05 t 396.4
100 p.p.m. s 292.0 : 352.1
150 p. p.m. t 300.33 : 313.48
200 p. p.m. t 270.88 t 283.72
From the above table it appears that there is a definite decrease
in the peroxidase number due to the influence ol either iodine or hydrogen
peroxioe. There is one exception* according to these figures. A small
rise from 292 to 300.33 milligrams in the iodized milk group is of little
significance, since the figures are %ithin experimental error (iie. / *%) •
Also, in the buddeized milk group, the control sample and the one immediately
following are practically identical, taking intjconsideration the experimental
error.
These findings agree with the work of Willatatter and leber (69),
The conclusion they reached is that in high hydrogen peroxide concentrations,
the activity of peroxidase is less than in moderate concentrations.
Uongulis anc 3ercovici (56) also drew the same conclusion.
The inhibition of peroxidase in high concentrations of hydrogen
peroxide has often been attributed to irreversible destruction of the enzyme
(54).
Iodization of ailk appears to have the same effect onthe enzyme.
3. Lipase.—This enzyme ha3 been the subject of a groat deal of
controversy among investigators. Y/hether lipase is present in milk or not,
there is liuch contradictory evidence uvailabl* in the literature. Vandevelde
(70), Koning (71), and Vincent (72) were not able to prove the presence of a
* Average of 8 trials
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fat-split ling enzyme in milk. On the other hand, such workers as Spolverini
(73), Marfan and Gillet (74), Moro (75), Friedjung and Hecht (75), Hippius
(77) and Rice and Markley (78) have demonstrated the presence of lipase in
milk. The probable reason for such inconsistency of results may be due to
the poorly controlled experiments of the older workers. For example, some
of these workers failed to add antiseptics to the milk to prevent or inhibit
the growth of microorganisms which may be responsible for a certain amount of
lipase activity. Others have assumed that the presence of monobutyrase
in cow's milk is an index of the presence of a true lipase.
Since the term lipase is used to describe the enzyme which hydrolyzes
the natural glycerol fats, its importance in milk cannot be overlooked. A
rancid milk is obviouily a product which could not be marketed normally.
A temperature of 150°F. greatly weakens the enzyme, whereas it is destroyed
completely at 176°F.
The study of this enzyme in milk presents a great difficulty
especially in its quantitative estimation because of the exceedingly minute
amounts contained in milk. Two different methods were employed in studying
this enzyme in milk.
Method 1.
Samples of milk were preserved with toluene so^ias to prevent bacterial
development. In order to make sure that the saraplss were free from viable
bacteria, plate counts were made at various intervals. At no time did the
samples show signs of having living bacteria in them. The samples were
titrated with .1 N NaOH, using phenolpthalein as an indicator. All titrations
were made in duplicate and at intervals of 24 hours. Incubation of the
samples was at a temperature of 37.5°C. Table 7 shows the results obtained
with this method.
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Table 7. Lipase in Milk (Toluene Preserved )
~
; Cubic Centimeters .1 M NaOH per 10 c.c. Quantities of Milk
: I J B : I • B « I * B s I
•
• B
Control (Raw) : 2.77 •• 2.5 :2.82 : 2.5 s 2.9*2.7 »3.0 : 2.9
50 p. p. ra. : 2.77 2.5 :2.77 : 2.5 s 2.882.7 12.85 t 2.85
100 p. p. ra. : 2.77 •• 2.5 «2.77 : 2.5 '• 2.8«2.7 »2.82 t 2.8
150 p. p. ra. : 2.77 : 2.5 52.77 s 2.5 * 2.8'2.7 » 2.82 t 2.8
200 p. p. m. : 2.77 : 2.5 :2.77 : 2.3 : 2.77: 2.7 : 2.82 1 2.8
On inspection of this table, it can be seen that there is very
little difference in the lipolytic activity of milk preserved with toluene.
All the aiiferences observed are witnin experimental err*r.
Objection has been raised to this method of determining the lipase
activity in milk. It must not be forgotton that the possibility of the
presence of other hydrolyzing easyraes in the milk such as proteoclastic
enzymes may also aid in the development of acidity by their action on part-
ially broken down proteins.
The second method employed in the study of lipolytic activity in
milk is that of Rice and Markley (78). This method has been used by sev-
eral workers and the results obtained are markedly consistent.
A cream of high fat content (40-50/£) is employed. To this is
added cane sugar (which acts as a preservative) in sufficient quantity to
produce a saturated solution with the water present and with any water which
may be later added in the enzyme extract (2 parts sugar to 1 part water).
The cream- sugar mixture is boiled to facilitate solution of the sugar and
to destroy the enzymes of the cream. Upon cooling, the milk or enzyme sol-
ution to be tested is added and the whole incubated at 38°-40°C. for a
relatively long period of time (about 2 weeks). The acidity is determined
at the beginning and end of the incubation period as follows:
* Average of 4 Trials
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10 grams of the sample is diluted with 50 c.c. of distilled water.
The mixture is titrated with .IN NaOH using neutral phenolphthalein as
the indicator.
Table 8. Lipase in Milk*
^reatment
c.c. 0. 1 N NaOH Per 10 grams of Mixture
I
—
B I B
Boiled Milk .5 .5 .5 .5
Control (Raw) .5 l .5 j 2.3 i 2.3
50 p.p.m. ;. .5 I .5 2.3 2.3
100 p.p.m. |t .5 ! .5 2.0 2.3
150 p.p.m. ;t .5 i .5 : 1.9 ! 2.0
200 p. p.m. .5 : .5 1.6 ! 1.8
As seen by the data in table 8, .. there is a definite increase
in acidity after 14 days incubation. This acidity is no doubt due to the
splitting off of acids by the enzyme lipase present in the milk. Judging
from the table there is also a progressive decrease in acidity with an inc
in either iodine or hydrogen peroxide. The decrease in lipolytic activity
appears to be affected more by the iodine than by the peroxide.
The effectiveness of this method in the estimation of lipolytic
activity can readily be seen by the fact that in boiled milk there is no
change in the apparent acidity even after 14 days of incubation.
Even in as concentrated a sample of milk as 200 p.p.m. of iodine
or of hydrogen peroxide, the lipase is no completely destroyed. In com-
mercial practics, such processes as iodization or buddeization of milk as
a substitute for the heat treatment, would not be ver^practical in inhi-
biting the activity of lipase. If lipolytic action were to persist, the
deterioration of the by product made from the milk would be greatly
increased due to progressive hydrolysis of the butterfat.
* Average of 5 Trials
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4. Protease.—The presence in milk of a proteolytic enzyme was first
reported by Babcock and Russell (79) in 1897. They named this enzyme
"galactase." Thatcher and Dahlberg (60) also demonstrated the presence
of
this enzyme in normal milk. Since many other investigators have demonstrated
the presence of a proteolytic enzyme in milk, it seems to be fully established
that protease is a normal constituent of milk, and is not necessarily of
bacterial origin as sometimes claimed.
This enzyme is known to bring about the slow decomposition of milk
proteins into peptones, amino acids, and ammonia, anu plays an important
part in the ripening of cheese. It acts en casein in a neutral or slightly
alkaline medium; its action is retarded, however, in an acid medium.
In studying this enzyme, an arbitrary method was employed, since
there are no recognized standard methods for estimating its activity.
A 5% suspension of pure casein was made and its pH
was adjusted
to 7.3. The solution was then put up into a sufficient number of 150 c.c.
capacity bottles and sterilized in the autoclave at 15 pounds pressure
for
20 minutes. Each bottla contained 100 c.c. of the solution. 10
c.c. of
milk (preserved with toluene) were added to each bottle.* The milk samples
used were ada prepared with iodine and hydrogen peroxide
as in the study
of the other enzymes. 20 c.c. portions of the mixture
(in duplicate)
were removed immediately and the remainder was placed
in the 37.5°C. in-
cubator. T0 these sample portions was added 30 c.c. of
neutral formalin
and the remainder of the procedure employed is
identical to Sanson's
Formol Titration Method as described by Bodansky
and Fay (81).
The data presented in table 9 show that proteolysis
of the casein
is taking place, though very slowly. There is evidence
also that iodine
and hydrogen peroxide are the responsible agents for
inhibiting the activity
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of the protease. Again it appears that iodine is more inhibitory than is
the peroxide. The duplicate samples that were run checked perfectly with
each other. This indicates that the method is reliable.
Table 9. Protease in Milk*
Treatment
Milligrams of Amino-Acid Nitrogen in IQOc .c.nf n,M.
Immediately L wfiak
B. , ! . t j , , R • —I
—
: B
Control(Raw).-Ar-r 3.1 : 3.6 3.6 : 4.2 : 4.2
50 p. p.m. ; 3.1 : 3.1 : 3.6 ! 3.6 t 4.2 i 4.3
100 p.p.m.
•
3.1 : 3.1 ; 3.3 l 3.5 : 4.1 ; 4.2
150 p. p.m.
.
3.1 j 3.1 : 3.1
I
3.3 : 3.5 : 4.0
200 o.p.m.
j
3.1 : 3.1 : 3.1 ! 3.1 : 3.5 » 3.8
5. Oxidase.—The study of this enzyme was undertaken with the
idea that the flavor of milk is affected to some extent! by this enzyme.
Many investigators have attributed the cappy or tallowy flavor sometimes
developed in milk which has had metallic contamination to this enzyme. No
definite proof has been made of this statement. As far as the author has
been able to determine, no worker has as yet presented evidence of the in-
herent presence of a true or direct oxidase in milk. Thatcher and Da&lberg
(80) could not find any oxidase in milk or in butter.
Waksman and Davison (8) have suggested that if a blue color is
formed in milk upon the addition of tincture of guaiacum in the absence of
hydrogen peroxide, there is present oxidase in the milk. With this in mind,
the author carried out a few preliminary qualitative tests to determine
whether any oxidase is present in milk (preserved with toluene, and tightly
stoppered)
.
It was found impossible to obtain any sign of a blue color. How-
ever on prolonged standing, (1-2 weeks at room temperature), a faint blue
color appeared. This development of color did not prove that oxidase was
~* Average of i Trials
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present in the mil*. Th. possibility that
the air in the sample bottle
may have oxidized the indicator to
the blue color cannot be overlooked.
Sealing the corks of the bottles
with paraffin did not change the sit-
uation. Neither did the use of a
different indicator (pyrogallol) alter
the results. A second possible
reason for the development of the
faint
blue color may be that certain
organic peroxides naturally present in
.
milk have been acted upon by the
peroxidase, and in this way slight ox-
idation of the guaiacum or pyrogallol
took place.
The addition of iodine to the
various samples of milk resulted in
the same phenomenon.
It is naturally obvious that
Buddei.ed could nut be studied,
since anon milk retires the
addition of hydrogen peroxide
which gives play
to the peroxidase present
in the milk.
.. taylase.~A number of
investigators have reported the
presence
of smylase or diastase in mil. («), (32).
(83). » U olai»ed that
amylase is prooably the least
variable in quantity in nomal
milk of all
.ilk en,y»es. Chr,ae*c 2 and
uoralowna (.,) have reported a
greater diaet.se
content in milk from diseased
udders and in colostrum. They
found that cream
contains more amylase than doee
skim milk.
me importance of amylase in
milk other thanahat is mentioned
aoove ie of little concern either
from the dairyman., point of
view or from
the nutritions aspect. The etudy
of this enzyme hae been carried
on merely
because of academic interest.
The method employed in studying
thie enzyme qua„titati,ely .a.
that
++-i„ CT „n of variai s concentrations of
of Sato (83) . He recommended
the setting up t n
rtn^n- ate } prepared according to
starch solutions (i.e. .Wig., .002g.,
.003g. e c.) p P
M + . an8 10cc of the milk to be tested
were adaed accurately
specific directio s, luc. . 01
to the various tubes of starch
solution.*
"Sables held iTTwater bath"^^.
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After a given interval of time, the anxiolytic
action was stopped by plac-
ing the tubes in ice-water. 1 c.c.
amounts of iodine solution were added
to tubes and the contents thoroughly
mixed. The tube in .hich the blue or
violet color had entirely disappeared,
giving place either t a red, orange,
or yellow color was noted and the power
of the enzyme calculated as the
number of grams of starch digested in a given
time by 100 c.c. of raw milk.
(Note, Table 10 gives the results obtained in
a different way.)
Table 10. Amylolytic Activity of Milk*
is»-^^:ia:ia^:l3^:}?n^^^^-l.l.-ij-l4-(^
Legend: / - iodine color ; starch
hydrolyzed
- * blue color ; starch still present
Numbers in column designate number of
trials sample was / or -.
The above table shows that both
iodine and hydrogen peroxide have
an
injurious effect upon the enzyme amylase found
in milk. The effect seems
slightly more pronounced in the case of
hyorogen peroxide than in the case of
iodine.
0. Effect of iodine and Hydros Peroxide on
ta. of the Digestive En,y»es
Added to Milk.
A study of this nature would
be rather incomplete of so-e
of tb. —
o,o» digestive en,y»ee found in
the eni^l body .ere not included.
« see»s cuite natural tbat if
iodised or buddeised «iU bas any de-
"«AS%oluble
ri
sfarcb added to *]*
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cided inhibiting effect en the activity
ef digestive enzymes, the u.e cf
such milks couldnet he re—d very heartily deepite any advantages
they may have ever raw or
pasteurized milks.
It .night be pointed out here
that all the studies carried on with
the digestive enzymes .ere done
The effect of iodine or hydrogen
per„*ide on the enzymes might
present an entirely different
picture inHvo.
However, if the reeults obt.ned
in this study should prove to
he of suf-
ficient value and intere.t,
further studies along this line
should he mad.
in^ivo. As will he shown later, ( in
the nutritiohal phase ef the
subject)
+ „ warrant a continued interest on the
sufficient data have been accumulated
to
euhject of iodised or buddeized milks.
A detailed discussion of
each of the enzymes studied
will not b.
given for such discussion has
been covered adequately in
the literature.
! Pepsin The study
of this gastric proteolytic
ehzyme was carried out
h, using two different method..
Since the activity of this
enzyme can be
estimated hy the rise in soluble
nitrogen in a protein-enzyme
mixture,
the first method employed
was the Sorsnson method of
titration for s»ino-
, * * (84} This method shows the
total amount
acids with formaldehyde (81), ).
„ acids present. It was
necessary to titrate a sample
of the mil*~en-
zyme mixture (see below) without
adding formaldehyde in order
to find the
amount of acids which were not
amino-acids.
Preparation of Milk-Enzyme
Mixtures.
One hundred cubic centimeter
portions of the mil, sam.les
whi*
***A to 50 c.c. of an artificial
gastric juxce
were to be tested were
added
, f o 5 oer cent hydrochloric
acid and 1 gram of pepsin.
The
composed o 0. p
vertically rotating
bottles containing this
mixture were placed
__—
— Studied havTbe^n' obtained
from commercial"
* All digestive enzymes
s e
biological supply houses.
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shaker* in an incubator thermostatically controlled at 37°C. in order that
digestion doula go on under conditions somewhat approaching those of the
stomach. Before the bottles were placed in the incubator, samples were taken
from them in order to test for the soluble nitrogen which might be present.
Thereafter, the bottles were withdrawn from the incubator at intervals as
stated on the data tables appearing below, and samples of the contents were
analyzed for soluble nitrogen. As digestion progresses the proteins are brok-
en down, and the rise in soluble nitrogen is taken to be indicative of the
progress of 61 gestion.
The second method used for the^etermination of the soluble nitrogen
content was as follows:
The sample taken was diluted with an equal volume of water and filtered
according to the method of Hess, Koch, ana Sennewald (85). A quantitative
determination of nitrogen in these filtrates was then made by the direct
nesslerization micro—Kjeldahl method of Koch ana McMeekin (86). Tables 11
and 12 show the results obtained using the first method mentioned. The pH
values are also given.
Table 11. Pepsin**(Milk Samples not Preserved with Toluene)
i Milligrams of Amino-Acid Nitrogen in~100 c.c. Digestion Mixture
Treatment j Immediately I 24 Hours i 48 Hours t 72 ,Hours
I ~ l B i I t B
,
\ I i B^ 1 ^ j 2-
,mg. ,pH*S* mg.pH . mg. ,pH
,
mfr. |?H ,mg;pH tag. ^H-tmg.
—
,pH mg t f pH .
Control s 50.2:6.1« 51.3« 6.1» 50.55 4.9* 52.2* 5.8 : 89 s 4.5* 92.1: 4.6* 132.0* 3.9| 128.4. 3.9
50 p. p.m:50.2»6.4*51.3*6.1 : 39.0 : 6.3 , 52.3 : 5.8 , 79 ! 5.2 , 92.1
: 4.8 , 128.1 : 4.5*128.7:'4.1
100 p. p.p. :50.2s6.4*51.3:6.1»34.8»6.3*52.2*5.8 l78 : 5.2 : 92.1
,4.3»126.0 s4.9 , 128.5t 4.1
150 p. p.m. »50.2:6.5«51.0»6.2S30.1»6.4»52.2'5.8 :69 s 5.3 892.0
: 4.9 : 126.0 J 4.9 s 128.2«
t
4.2
200 p.p.m. ;50.2:6.5:51.Q:6.2»24.5t6.5»52.0 > 5.8 <65 i 5.3 > 92.0 : 4.9 < 109.9 > 4.3 128.2 4.2
* Not used with Method 1 .
**Average of 12 Trials.
*** pH is average of 4 Trials.
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Table 12. Percentage Increases
l
l
increase increase :% increase it increase ,4 \
~~
,from start
, frora firBt ./from 2 d J £ o£ start t^/ncreaseTreatment
-
to end of .04 hrs + 0 m« h„ + \l T I 9 {rom start
v,
enG rs
*
to end* end of 48 .to anri 79
t first 24 hours of 2nd 24 hrs of 3rd 24 hr hrs. [ LI
— * 1 : B } I . B
'
'
"
i
'
,
B : I . R ! T', r '
Control
, 55 :i.91 : 76.1 : 43.34, 48.2 . 28.2:77.1 ,'44.3 162.7*60.0
'
50 p. p.m, -22. 2*: 1.91 : 104.9 : 43.21:60.8 : 28.4:58.4 : 44.3 154.8:60.1100 p.p.ra. s -306 :1.91 , 18«. 9 , 43.32,60.7 : 28.3, 55.9 ,44.3 150.6*60.0150 p. p.m. .-40.1 ,2.29 ,120.4, 43.2,82.1
, 28.2,37.6 ,44.5 .150.6,60.2
200 p.p.m.:
-51.8 ,1.86 ,166.8: 43.4 ,68.0 : 28.2:30.0 :44.5 ill8.6 s 60.2
_1 L • * : : , : , t
It can be seen from the tables that the addition of tincture of
of iodine to milk inhibits, to a certain extent, the action of added pepsin
on the proteins of milk. The inhibition seems to vary with the concentration
of iodine. The effect is fairly well pronounced even at the end of 48 hours
of incubation. But after 72 hours, the results obtained are not appreciably
different in the various samples, except in the one containing the greatest
amount of added iodine. The explanation for this fact may be that the io-
dine loses its effect by combining with the end-products of digestion and
thus becoming ineffective as an inhibitory agent, on that some free fatty
acids** which may have been forandd during the incubation period combine with
the iodine.
*There is an actual decrease due to the fact that at the end of 24 hours the
the serum was used for titration. Since serum does not contain the buffer
qualities of casein, the titration value is lower. Separation of serum did
not occur with Hg02 samples.
**The probability that free fatty acids may be formed during incubation is
possible because the samples have not been preserved with toluene. Hence,
it is conceivable that lipolytic bacteria or even the lipase in milk may be
active.
In running six trials with the samples preserved with toluene be-
fore incubation (tables not given), the same general tendency was noted ex-
cept that tne percentage increase of amino-acid nitroger from the start to the
end of 72 hours are inconsistent. That i3 to say, hotwithstanding the in-
creasing doses of iodine, the amount of amino-acid notrogen fluctuates back
and forth, though slightly. The reasonthat furtner work on the effect of
iodine (or hydrogen peroxide) on added pepsin to milk previously preserved with
toluene was discontinued was that it was soon discovered that toluene itself
affected the activity of the digestive proteolytie enzymes. Waksman and
Davison (8) state that on long exposure toluene destroys pepsin and injures
dilute trypsin solutions and also gastric lipase.
As to the effect of hydrogen peroxide on pepsin, it can be readily
seen that the enzyme is not sensitive to this reagent. The slight differences
observed are entirely insignificant for they lie within experimental error.
In both cases (iodization and budaeization) , there is a decided fall
in the percentage increase in amino-acid nitrogen from 48 hours to 72 hours
incubation. This change occurs even with the control samples. One explanation
might be that there is a decided weakening of enzyme activity after 48 hours.
This might be due to an accumulation of end products which are toxic to the
enzyme or that equilibruim is being approache.
As far as the pH values are concerned, the added iodine tends to increase
the pH slightly with increasing amounts of iodine. The explanation for
this is difficult if not impossible, since milk represents a complex liquid. The
possible explanation that has been suggested for this increase is that the pot-
assium iodide (contained in the tincture of iodine) is ionized to the extent of
that the iodine ions take on the hydrogen ions of the water, leaving the
basic ions (OH) in conjunction with K/ to increase the pH slightly. This
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explanation is merely on hypothesis and should
not be taken as the true ex-
planation. The PH values as affected by
hydrogen pero.ide are insignificant.
The one difficulty experienced with method 1
for estimating peptic
activity was that the sample bottles were
not shaken or rotated during the
incubation period.* This caused a separation
of the curd and also limited
the surface area for digestion by the
enzyme. When method 2 was employed as
a check for method 1, all the samples
tested were rotated for definite per-
iods of time.
Table 13. represents the data obtained by
method 2.**
Table 13. Estimation of Peptic Activity
by Direct Nesslerization***
(^crease
. n mgs . of No„-protein Nitrogen per 100
c.c.)
» —
_B tpH_
-
: : ;
:
: s-sa &S 1SftSS -e
1
:S:S :i3
^ ' ™ ^
-
—
"
!:" ;26 - 3 83 8 Tiq - 1383 ' 65 828,9 13 '°
Judging by the average results obtained by
direct nesslerization, the
same general trend is observed-that is,
iodine affects peptic activity in
progressive additions to milk. Hydrogen
peroxide has no significant effect on
the enzyme. The PH values seem to
increase slightly with the addition of
m0 re and more iodine. The very slight
increase in PH on the addition of
hy-
drogen peroxide is too small to be of
any significance.
.
— :
—r,, , • ' !),- laboratory when these tests were
Trherotator had not been installed m the o i
made.
** Samples were withdrawn at 2 hour intervals,
since the greatest amount of
digestion is supposed to take place within
6-8 hours from start.
*** Average of 4 Trials
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2. Tryp3in.~Since this entyme is a pancreatic enzyme, the optimum
reaction for its activity is pH 8.1-p-l£.4. Taking thi3 fact into consideration,
each sample of milk to <»hich trypan solution was to added wts adjusted
elect rometrically to pH 8.2 using dilute sodium carbonate, as soon as samples
attained atemperature of 37°C, the trypsin solution (#) was added in
amounts similar to the experiments with pepsin. All the other procedures and
methods used to study tryptic activity was followed in the same way as for
studying pepsin.
Tables 14, 15, and 16, show that this enzyme is affected by iodine and
hydrogen peroxide inpractically the same way as pepsin is affected. It may
be noted that the number of milligrams of amino-acid notrogen in 100 c.c.
digestion mixture is proportionally larger in the case of tryptic hydrolysis
of proteinthan that of peptic hydrolysis. This fact shows that
trypsin in-
variably carries the hydrolysis of casein further than does pepsin. Yet the
effect of iodine as a paralyser on the trypsin is proportionally
the same as
on pepsin.
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Table 14. Tryptic Activity by Formol Titration (Samples without Toluene)*
*
t MilliRrams of Amino-Acid Nitrogen in 100 cc,
Treat- '-_ Immediately t 3& Hours i 48 HPUKS
Digestion Mixture
7.2. Hours
ment JL
r-trol S^\lt^.i^ ^^^ 213.2, 5.75, 219.8, 5.9: 223.7: 5.U3» 231.* b..
100p.p.m,50.4:6.84, 50.6,6.93,129.3,6.53:151.3,6.3,203.1:5.91,220.0,6.0:
223.7*5.21 231.5
150d Dm 50.4.6.84,50.6,6.95,124.0,6.56,151.2:6.4,197.5:6.06:219.5,6.0:221.9:5.4 231.5
5.
Table 15. Percentage Increases
t pH ime. ^pH « mg. t nH t mg. ipH—*Hg. .tff
Treatme nt
~tf„ increase
:from start to
•end of 1st 24
hours
% increase : % increase : % increase ,
from 1st 24 s from 2nd 24 : from start to ,
hours to end,hrs. to end , end of 48 hrs. t
of 2nd 24 hrstof 3rd 24 hrs _x
% increase
from start to
end of 72 hrs.
B JL JL _J
77.5
B_
78.5
Control
50 p.p.m
100 p.p.m
150 p.p.m
200 p.p.m
Table 16
,197.2
,165.2
,157.7
,,146.1
,,131.3
42.2 : 31.2 : 4.9 » 4.9 t
55.6 » 31.2 : 7.5 : 4.9 ,
57.0 : 31.2 ,10.1 : 4.9 :
59.2 : 31.2 ,12.3 t 4.9 :
68.5 i 31, 2 T 9.4 : 4.9 :
76.3
75.4
75.3
74.6
74.55
: 76.9 s
: 76.9 :
: 76.9 :
» 76.9 }
: 76.9
77.5 s 78.5
77.5 » 78.5
77.0 « 78.5
76.5 8 78.5
Estimation of Tryptic Activity by Direct
Nesslerization
(Increase in mgms. of Non-Protein Nitrogen per 100
cc)
A study of the tables reveals that in the
case of trypsin, there is
no logical basis for the explanation that tryptic
activity should increase with
a change in PH closer to the optimum.
Apparently this might be the explanation
for peptic activity, but with trypsin, despite
the fact that ,1th increasing
doses of iodine, the pH tends to come near the
optimum, there is a decline in
proteolysis.
*~Average of 12 Trials. pH is average of 4
Trials.
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Evidently, the paralyzing effect of the iodine is enough to
overcome
any benefits derived from slight increases in pH which
would enhance
tryptic activity.
3. Pancreatic Lipase (Steapsin) .— In determining the effect of
iodine and hydrogen peroxide on this enzyme, the Kanitz method for
lipase
estimation (87) was employed. The samples were prepared in
the ordinary
way and preserved with toluene. Since steapsin requires
an alakline re-
action, the samples were adjusted to pH 7.5 with N/lO NaOH and to each
100 c.c. of milk was added 10 c.c. of a b% steapsin solution and then
placed in the incubator at 37°C. Before placing in the incubator, however,
initial titrations injduplicate were run with N/lO NaOH. The titrations
were performed as follows: T0 each 25 c.c. sample withdrawn at stated in-
tervals during incubation, 50 c.c. of 95f. acid-free alcohol, 5 c.c. of
acid-free ether, and 3 drops of a 1$ alcoholic solution of phenolphthalein
were added and then titrated with N/lO NaOH. The average of the 2
initially
titrated samples subtracted from the average of the duplicate incubated
samples gives the amount of fiatty acids liberated by the lipase. The
actual
amount of free fatty acids produced, calculated as oleic acid, is ob-
tained by multiplying the number of c.c. of N/lO NaOH
required by 28.16.
This amount is frequently used as an index of the
strength of lipase.
Table 17. shows that iodine has a paralyzing effect on
steapsin even at the
end of 72 hours of incubation. Hydrogen peroxide does
not affect the enzyme
quite as much as does iodine.
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Table 17. Steapsin ( Milk samples preserved with toluene)*
s Qieic Ac^d Number
Treatment :__L3msdiatfll^ i
—
94 Hmirn : 48 H nnrs . , 7 3 Haura
: I i B .1 T B . I , B 1—,—B
Co"nt?oT 41.67 39.30 %- 58 94 ' 62 : 180 ' 4 , 173 - 42 » 229 * 5 « 213 ' 5
50 p.P.»- 41 67 39 30 85.32 94.3 157.13
173.4 , 203 .03; 213 .6
-.nn m IT 67 W 30 73.21 94.0 143.61:173.43 : 197.12: 213.01
lf0 l'lTt 7 : 39-.30 life 93.8 \ 127.0 ,172.11 : 193 .74: 212.6
I
™
;:
p
n :S:: tLt; ; L. 3o ; 53 .78 : 93. 8 , 123.9 ,172.0 ,193.74,2124,
It may be stated that even with the liberation of fatty
acids by
the enzyme and the possible union of the unsaturated
fatty acids with the
iodine, there still seems to remain sufficient free
iodine in the serum of
the milk substrate to inhibit lipolytic activity.
Apparently, hydrogen
peroxide has no significant inhibiting affect upon the
enzyme. It may be
that the amount of added enzyme solution was
so great as to overcome any
toxic effect of hydrogen peroxide.
4. Gastric Rennin.-- The study of this
enzyme presented a physical dif-
ficulty to the author, since the estimation
of the activity of this en-
zyme is usually based upon the time
it takes to clot or coagulate the
milk,
fh. difficulty was found in determining
the point at which milk clots.
Coagulation of milk is not a sudden or
spontaneous action. It comes slowly
even though the time element is
relatively small. At first, there
is an
incipient coagulation-a condition in which
the milk becomes thicker, then
this first stage is followed by the
appearance of a thick set coagulum.
F0r example, rennet activity is
usually measured by allowing a
standard
solution of milk to which has been
added a given amount of rennin
solution
to flow slowly through a pipette
which has been tapered to a fine
point.
thus indicating that the milk has
clotted due t, *he^ -~
* Average of S Trials
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As pointed out above, it l*s difficult to
determine when clotting
has noticeably started!" the milk Was still running
through the pipette.
Through constant repetition of this experiment,
it was observed that in
such instances, the coagulatedpiece of milk
are so small as to be capable
of passing through the fine tip of the pipette.
In other instances when
only incipient coagulation occurred, the milk
stopped flowing through the
pipette. Because of Ihese conditions, consistent
results were not obtained.
In an endeavor to improve the test, the author
found the following
modification of great help in securing more consistent
and accurate data
on rennin activity.*
According to the test, the number of cubic
centimeters of filtrate
(obtained from milk to which was added a given volume
of rennin solution
and poured onto a filter paper) was observed
in determining the coagulating
power of added rennin to control, iodized,
and buddeized milks. Hence the
greater the volume of filtrate, the greater
the inhibition of the activity
of rennin.
It was felt that pouring the enzyme-m.lk
mixture onto a filter paper
and allowing the liquid to drain by itself in
a given time (3 minutes),
instead of allowing the liquid to pass through a
fine opening would
eliminate, to a large extent, the error
introduced by the formation of
large or small clots of milk.
As far as could be determined the
individual pieces of filter
paper used did not show any significant
variations in the size or con-
dition of pores. This fact was established
by running the samples in
;i^cT^by^
experimental error (10-20$ than the one employed
here {/$%). ™*
writer ran a sufficient number of trials from
which average data could be
obtained and properly interpreted.
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duplicate and thereby determining the percentage
error which was com-
paratively small.
Trials were run with toluene preserved and non-preserved
samples,
since bacterial growth may have a great influence
upon rennin activity.
Table 18 shows the results obtained with the enzyme
rennin.
Table 18. Effect of Iodine and Hydrogen Peroxide on
Rennin Activity*
. p., ft r.f F-P +.m+.ft in 3 minutes —
Treatment : fja Toluene L. No Tnluaae
: t : B : I : B
"Co^trol(Raw): 32.31 « 35.0 * 21.5 : 34.3
50 p.p.m. 27.00 « 35.5 » 24.5 « 37.21
100 p.p.m. 32.68 » 38.43 I 25.58 * 40.55
150 p.pV. 37.68 » 40.56 * 26.75 « 42.6
200 p.p.m. ; 39.62 » 42.3 : 26.91 s
As can be seen readily, in the case of the
toluene-preserved
samples, wherein bacterial grovrth is haltej, (thus preventing the
format-
ion of organic acids) iodine at the rate of 50 p.p.m.
has a slight act-
ivating power on rennin. However, increasing doses of
iodine readily
inhibit the rennin activity. No authentic explanation
can be offered
for this phenomenon. It may seem possible, however,that
a small amount
of iodine (i.e. in amounts which are non-toxic to
the enzyme) may be dir-
ectly or indirectly concerned with making more calcium
salts soluble in
the serum. This, in itself, .111
activate rennin action.
!« the trials where no preservative
was used, a definite inhibition
i8 noted with increasing doses
of iodine. This fact may be
explained by
saying that since the antiseptic
equalities of iodine retard bacterial
development (to a certain extent), there
will be lesser amounts of organic
acids produced than in the control
sample. Obviously, with more acidity
in the control flask, the rennin action
becomes greater.
— d
"
Triai s with toluene-preserved' samples* Average of 8 l xn non_pr
*
8enred
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As far as the effect of hydrogen peroxide on
the enzyme is con-
cerned, it appears that this reagent positively
impairs rennet coagulation.
With toluene preserved samples, there is no evidence of
a stimulation of
enzyme activity as there is with 50 p.p.m. of iodine. In
the non-preserved
sample., the results obtained show a greater inhibition
of the enzyme with
H 2°2 than with ^-odine.
Discussion
The peculiar sensitivity of enzymes to their physical
and chemical
environment is largely due to their colloidal nature.
A slight change in
the pH of the substrate causes marked effects
on their activities. In
the absence of buffers, for example, hydrolysis
of protein material by
proteolytic enzymes may cease. Whereas, in the
presence of buffer material
proteolysis may continue for some time yet.
Aside from changes in pH, the velocity of an
enzyme reaction may
fall off because of any of the following changes
taking place:
1. Inadequate saturation of the enzyme as
the substrate con-
centration falls.
This factor may entirely be discounted as a
reason for limiting
the enzyme activity by either iodine or
hydrogen peroxide, because there
certainly was a sufficient amount of substrate
present in the samples
tested, as is evidenced by the unretarded
enzyme activity in the control
samples.
The other possibilities which might have
taken place in limiting
the enzyme activity of the test samples,
and which cannot be explained in
connection with this work ares
2. Reversible union of part of the
enzyme with reaction products
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3. Reversible union of part of the enzyme with substitute to
form an inactive compound.
4. Irreversible destruction of the enzyme. Thus, the depression
of the action of an enzyme may be a reversible or irreversible
change,
In many cases it is not known which of these alternatives is
true. It re-
mains to be seen, if, for example, the addition of sodium thiosulphate to
iodized milk containing enzymes can bring back the normal activity of the
enzymes.
Haldane (54) makes the statement that all enzymes so far invest-
igated are destroyed by relatively mild oxidizing agents, except that
a little may be taken up by reducing substances before any effect is pro-
duced. In this work, it was found that such oxidizing agents as iooine
and hydrogen peroxide dfcL not destroy the activity of the enzymes com-
letely. Instead, a progressive inhibition of enzyme activity took place
with increasing additions of the reagents, and the paralyzing effect was
greater in the case of iodine than in the case of hydrogen peroxide.
There may be a close correlation between the fact that
iodine is
stronger as an inhibitory agent than is hydcggen peroxide,
since the
former was added in the form of tincture of iodine.
Tincture of iodine
contains alcohol which depresses the surface tension
of the medium. A
lowering of surface tension causes a increase in
adsorption, and as a
result, the enzyme becomes inactive, since a large
part of it passes into
the foam, especially when the sample bottles are
shaken or rotated. This
is the explanation given by Waksman and Davison (8).
2. Chemical Properties of Milk
If milk is going to be iodized or buddeized, it is essential that
there are no harmful effects on the physical and chemical properties of
milk from a commercial and practical standpoint. It would not be feasible
to iodize or buddeize milk if the latter becane unstable from such treat-
ments .
The effect of pasteurization on the different properties of milk
has been a subject of a great many investigations and it would be outside
the scope of this work to discuss it. Suffice it to say, that in general,
no matter what benefits we derive from the pasteurization of milk, the
heat treatment certainly does not improve upon the physical, chemical, or
organoleptic propertiesof milk except in certain rare instances, such as
making the curd softer than in raw milk.
So far as the author has been able to determine, he has not seen
any published work on the effects of either iodization or buddeization on
the physical and chemical properties of milk, with the exception of two
works dealing solely with iodine. The first of these reports originates
from France. It deals with the action of the halogens on milk and on its
constituents (88). Unfortunately, the •mthor has not been able to review
this article and cannot say what the gist of it is. The other has already
been referred to (60).
It has not been the intention of the author to make a complete and
detailed study of all the chemical properties of milk, but only those which
might be of interest.
A. Effect of Iodine and Hydrogen Peroxide on the Iodine Number of Fats
Obtained from Raw, Pasteurized, Iodized, and Buddeized Milks.
Regular samples of milk were obtained in 20 quart quantities and
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different lots were either pasteurized, iodized, and budoeized (at the rate
of 200 p. p.in.), or left raw. These samples were run through the cream
separator separately. The fat content was standardized to 30/£ with the
respective portions of the skimmilk obtained. Samples of cream and skim-
milk in each case were saved to make iodine determinations.
Each lot of cream was churned by hand in a Dazey glass churn and
butter samples testing approximately 8# fat were obtained. The butter was
kept in storage at 45°F. At convenient periods, the iodine
numbers of those
differently prepared butters were determined according to the
Hanus method
(81), after the fat had been oiled off slowly at a
temperature not exceed-
ing 50°C. Table 19 shows the results obtained
with all the butter samples.
It will be noted that very little difference
exxsts in the iodine values of
the different fats. It was expected, at first,
that the iodized milk fat
might have a lower iodine number (i.e. a smaller
number of milligrams of
iodine absorbed by each 100 milligrams of fat)
than the non-iodized samples
of milk, since the original milk had
been in contact with iodine for same
time. Evidently, the quantity of free
unsaturated fatty acids present in
the fresh milk samples was insufficient
to absorb the iodine so as to
markeoly affect the iodine number of the
fat. The fact that fresh milk
normally has a low acid value may be a
possible explanation for the results
o btained.
B. Effect of iodine and Hydrogen
Peroxide on the PH values of milk.
From table 19, it is apparent that
i,mediately after the addition
f increasing amounts of either iodine
or hydrogen peroxide, the pH values
f .ilk remain practically the
same, except for a slight, though
insig-
nificant, decrease with the highest
concentrations of both iodine and
hydrogen peroxide. There is, ho,ever,
a significant decrease in the pH of
o
o
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the lower concentrations after 24 hours
(at 50°F.)
in the first case, where no
appreciable change in pH takes place,
such a condition can he explained on
the hasie that all milks exhibit con-
siderable buffer action in the neighborhood
of their -homal- values of
pH. Hence, any tendency on the
part of the reagente added to MIX to in-
fluence the pH is counteracted by
the buffer systems in milk.
However, the cha, gee in the pH
velues of the milks that occur after
24 hour, may be explained, no
doubt, on the increase in the acidity
of milk
b ecauee of bacterial action.
The antiseptic qualities of these
reagents
(iodine end hydrogen peroxide) indirectly
prevent a decrease in pH by
their inhibiting action on the
microorganisms present in the milk.
0. l0dine content of Cream,
Butter, .a Skimmilk Made from
lodged Whole
Milk.
+ v+oH with the idea of ascertaining what
This experiment was started
n a
„hen whole milk i, separated
and what proportion of iodine
is retained by
the butter when ores, obtained
from iodized milk is churned.
A8 Has been pointed out
by Hanford et al (*) • *ddeh
iodine
tHis Hae been pointed out above
in connection with the
discussion on the
f
iodine value sin milk fat.
n must b. mentioned at the outset,
that while there aremany
i„»h i« the Quantitative estimation of
small
analytical difficulties involved
m q
amounts of iodine usually
found in milk, smd while
numerous methods have
_
.escribed end none have
been shown to g*,e absolvelue
„«• the iodine content of
milk snouxo
lativel, rough approximation
of ^^
eotficient value in
demonstrating the gain or
has undergone various changes during the manufacture of such product
butter, skimmilk, or buttermilk.
from the experiment dealing with the iodization of milk fat were salt to
the chemist for iodine determinations. The results as shown in table 19
indicate that most of the iodine is lost in the skimmilk curing separation
and in the butter milk during churning. This is no doubt due to the fact
that the protein portionsof the milk go into the skimmilk snd butter milk.
Some iodine may also have been mechanically by adhering to wooden surfaces
in the hand churn used in the experiment.
Table 19. Data Obtained in the Study of Some of the Chemical Properties
As mentioned above, samples of whol^- milk, cream, and butter taken
of Iodized andBuddeized Milks.
' te°ri gH Values . Parts per million; Iooine
Control (Raw) * 28.3 : £.48 * 5.2]Control fpast) s 28.0 , 6.40 s 5.4
Iodized (200 p.p.m.) ,27.4
, 6.36 s 6.4
Buddeized (200 p. p.m. )s 28.0 ; 6.39: 6.4
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3. Physical Properties of Milk
A . Effect of location and Buddeization
on the QurdTension
of Milk.
Within the past decade or ..ore, a
great deal of attention hae been
given to the degree
of softness of the curd by
numerous investigators such
as Hill of Utah.
it is no. fairly .ell established
that the physical ourd character
of is an index to the
comparative digestibility of the
by infants.
The importance of this physical
property of mil, as affected by heat or
by
certain reagents added to milk cannot
be overlooked.
The application of heat to milk
is kn»™ to reduce eomchat the
curd tension of milk, me author
is una.ar, of any «ork done by
other in-
stigators on the effect of either iodine
or hydrogen peroxide on the
curd of milk.
Two methods .ere employed in
studying the curd tension of milk
a e affected by iodine and
hydrogen peroxide. The first method
used v,as the
regular Hill Test (M) using the curd knife
and the Chatillon spring
balance.
The author found this method
to be rather unreliable, since
a
great deal of variation resulted
in duplicate or even triplicate
samples
by use of this spring balance.
Evidently, the force used in
pulling on
•
„„i "sticking" of the indicator
were the main
the spring and the occasional
^ Table 20 gives the results
obtained by
sources of the errors obtained.
&u
this method.
i+o n second method was adopted
and
In order to verify these
results, a
* +„™ In short, the milk samples
were
j h(, fairlv satisfactory, m 3MI "»
which proved to be i xy
• +>,« Hill coagulant. After
tempering
coagulated in test tubes,
using the
+ bath (950F ) until the curd
was firm, each tube was placed
in the water i.)
M
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under an especially adapted long hollow glass tube and a wooden plunger
was dropped from the top of this tube (height and rate of fall were all
uniform) into the curd. The depth to which this plunger penetrated was
an indication of the strength or hardness of the curd. It follows, then,
that the greater the depth of penetration, the softer the curd. Table 20
shows the results obtained by this method.
Table 20. Curd Tension Sf Milk*
Treatment j .Hill Method in Grams. : Pluneer .Method in Cantimn±ar-a
• T 1 T i R
Control(Raw* 40 : 40 * 8.4 ' 8.4
Control(Past 35 l 30 * 8.8 i 8.9
50 p.p.m. 1 40
•
• 50 « 8.5 « 8.4
100 p. p.m.* 30 : 45 « 8.5 1 8.4
150 p.p.m.: 40 • 40 : 8.6 I 8.4
200 p. p.m.: 35 • 35 : 8.8 : 8.4
The differences observed in the table above are too slight to
be of any significance. In fact, the figures given are all within ex-
perimental error. It is evident that all the milk samples tested are
of a relatively low curd tension. This fact may alone be responsible
for some of the inconsistencies in the results obtained, since a milk
of low curd tension often does not show up small differences in curd
tension as markedly as does a milk of high curd tension,
B. Effect of Iodization and Buddeization on the Protein
Stability of Milk.
This property of milk is of the utmost importance since a milk
wnich "feathers" or coagulates when heated is undesirable. In the con-
centrated milk industry, protein stability is necessary if the milli used
is to be condensed or evaporated. Milk, which is not of a stable character,
* Average o£ 9 Trials
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„ used in n,aMng coffee crea*
will cause a great deal of trouble
due
to" feathering'!
Some investigate^^ of the opxnion that
the ease with which a
milk can be coagulated with alcohol
furnishes direct evidence of its
stability to heat. Dahlberg and
Garner (91) have pointed out that the
alCohol test is .ore useful than
a* acidity test in predicting the
sta-
bility of *iik proteins. This
test is not 100* foolproof because,
occasionally a milk stable to heat
will give a positive reaction.
It should be pointed out here
that slow additions oi alcohol are
said to allow for denaturation and
hence, for most accurate results,
additions should be made rapidly and
the time factor kept small.
The heat coagulation of milk
is also often used as a measure
of the stability of milk. It
is generally claimed that about
twelve
h0urs' heaUng at 212<>F. is necessary
to coagulate fresh milk. Heat
coagulation of milk depends upon many
factors, the most important of
which are the pH ana mineral balance
of the milk.
study of the protein stability
of milk as affected by
i0dine and hydrogen peroxide
was made by employing the
heat and al-
+w« Table 21 shows that increasing
amounts of
chol coagulation methods.
Di ax
tincture * iodine adoed to
»U* decreaeed it.
and .at conations. ». reaeon
for thie eueceptihility to
tincture oi
» +~ +ina alcohol present in tne
iodine is no doubt due in large
measure to the
iodine solution. Alcohol, naturally,
has a dehydrating action and
dena-
tures proteins quite readily.
Apparently, hydrogen peroxide nee
no noticeaole effect on the
protein stability of milk.
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In determining the heat coagulation of the milk
samples, an
arbitrary time limit of one-half hour was set and the temperature
kept
at 212°Fv Any sample which did not coagulate during this
time was
considered as negative. This test would show that the milk was stable.
In running the alcohol test, the author placed 5 c.c. of 70$
Ul45>
ethyl alcohol in annual volume of the sample ana the mixture^ inverted
rapidly several times. The appearance of a curd after shaking
was taken
as an indication of the instability of the milk sample.
Table 21. Protein Stability
: Heat Coagulation : Alcohol Coagulation
Treatment * Method *
Meth°d
* Coag. within 30 min. s Coag. with 5 c.c. 72f. E.
:
at 212°F. 5 alcohol
Control (Raw)' Negative | Negative
50 p.p.m.*
100 p.p.m.:
150 p.p.m.: / / /
200 p. p.ra.i / / /
C. Effect of Iodization and Buddeization on the Whipping
Ability of Cream
The inability of the housewife to whip the
whipping cream she
buys properly very often may be due to the quality
of the cream.
This problem must be faced by the dairyman who,
among other
practices, may be iodizing (or perhaps buddeizing) his milk supply
which
is to be separated for whipping cream.
The question naturally comes up as to the effect of these
practices on the whipping ability of cream treated with iodine
or with
hydrogen peroxide.
A method for determining the relative whipping
abilities of
differently prepared creams was necessary for
this study. A recently
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improved technique for such determinations
developed by Mueller (92)
was used in this experiment.
The apparatus used in this method
consists of the mechanical
whipper (restaurant size) and sensitive
wattmeter. Although the
whipping bowl has a 5 quart capacity, only
one quart of cream was the
ei2e of the sample used for whipping.
The bowl was submerged in ice
water in order to keep the temperature
of the cream approximately 40°F.
during the whipping process.
The time necessary to whip the cream
to its maximum stiffness
was measured with a stop watch. The
wattmeter reading was record
at regular intervals. The sxifier
the cream at any given time, the
higher is the wattmeter reading. The
average watt increase per second is
given in Table 22. As the initial
stiffness of the cream varied with the
viscosity, the total increase in stiffness
during whipping is reported
rather than the maximum stiffness.
The overrun of the whipped cream was
determined Dy weighing a
definite volume of cream and an equal
volume of whipped cream.
Data on serum drainage were obtained
by filling a pint ice-
cream carton (having both ends removed)
with whipped cream and placing
it on 12*nesh wire screening over
the mouth of a funnel. The drainage
was collected in a graduated
glass cylinder. The volume
of drainage
Was read after a period of
2, hours in the col* room
(approximately
» i8 evident from Table 22
that location and budceization
improve
u + ttwpm thoueh buddeization improves
the whipping ability of cream
somewhat. Even g
the dipped cream shows a decidedly
the whipping ability rather
markedly, whipp
fc
. 14i- oniv implies a quick whip
poor overrun. Since good
whipping ability no ly ?
. . ie „-+ altogether conducive to good
but also a good overrun,
budoeization is not
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whipping ability.
It must however be made clear that
considerable more tests
ought to be made on these creams in
order to secure more typical data.
The author, unfortunately, was limited
in the number of trials he made.
Table 22. Data on Whipping Ability
•
•
Treatment t
l
Increase
in
Stiffness
(Watts)
"
t Whipping! Average
Time t Increase
*
t ( Seconds): per
• Second
t overrun
. percent
* Amount of
Drain
:
(c.c.)
I
Control :
(past.) :
240 i
« *
.500 . 116 .8 t 3
t
Iodization :
(200 p.p.) *
• •
,
215 :
:
:
. 126.8 i 2
Buddeization:
(200 p.p.) : fio.o
* •
120 :
*
•
* «
. 89.6 2.5
D. Refractive Indices of Iodised
and Suddeized Milks.
A ndnor property of
studied in relation te iodit.d
and buddeized milke-that of the
refractive index.
This property bears a definite
relationship to density or to
the molecular concentration.
»ince the refractive index is a
function
of the molecularly disperse
substances, the serum of mil* is
ueually
used in its determination.
in this experiment, separation
of the suspended phase was acc-
omplished by the addition of »/l0
acetic acid. No significant diff-
erences .ere observed in the indice.
of the differently prepared
.111..
* • J4»« Thn results obtained are
except in the highest concentratxon
of iodine. e
as follows:
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Refractive Inoex
Ss-mole —" "
~"
,
, n \ 1.3435Control (Raw)
50 p.p.m.
1.3435 (lodized)-1.3435(Budd.)
1.3436 ( " )-1.3435( » )
100 p. p.m.
1.3436 ( " )-1.3435( " )
150 p. p.m.
1.3438( " )-1.3425( « )
200 p. p.m.
E. Melting Point of Iodized
and Budoeised Milk Fate
A study of the melting points
of the fat obtained from the
iiffer.nt prepared milks was
undertaken because it was though
thst the pass-
ihimy of saturating the fatty acids in
butterfat with, iodine might
raise the melting point of the
fat.
me method used in determining
the melting point was the cap-
illary method which is faitly
common in many laboratories.
Several trials were run and the
general observation was made that
there was no significant
differences between pasteurized,
iodized, and
buddeized butterfats.
ueltine -Point
92.6°F.
pasteurized
\ 92.8°F.
Iodized (200 p.p.m.)
Buddeized (200 p. p.m.)
F. Creaming Ability of
Iodized and Buddeized Milks
A very important property
attributed to market milk is its
creaming ability. It is now well
established that pasteurization of
milk
even under carefully controlled
conditions has a tendency to reduce
the
cream line of milk slightly.
Since the depth of the cream line
is usually considered by the
housewife as an indication of the
richness of the milk, a milk whose
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cream line has been reduced by certain
plant practices will not appeal
to the consuming public.
Hence, it was felt that a study of the possible
effects of
iodization ana buddeization on the creaming
ability of milk would not
be out of place.
Samples of the different milks were prepared in
the customary
way. To each glass cylinder (100 c.c. capacity) was added 1
drop
of India ink* and filled with the respective samples to
the 100 c.c.
mark. The cylinders were placed in the refrigerator
(40-45°F.) for
24 hours. After this length of time they were examined
for the vol-
ume of the cream formed in them. The number of
cubic centimeters of
cream were recorded. The following figures show
that there w«*no
noticeable effects of either iodization or buddeization
on the cream-
ing ability of milk.
,
_
c. c. of Cream
Sample ~
Control (past.) 16 *°
Control (Raw ) 18,5
18 5
50 p.p.m. (Iodine or H2O2)
100 p.p.m. ( )
/11 11 » ^ 18 s5150 p.p.m. ( )
200 p.p.m. ( )
18 ' 5
G. Surface Tension of Iodized and
Buddeized Milks
This property of milk is often referred
to when the question of
foam in milk comes up. The ability of an
emulsion to produce foam is
attributed usually to a low surface tension.
Although this explanation
is sometimes given as the cause of foam,
actual experiments by other
* The purpose of the India ink was to
define clearly the fat from the
serum portion of the milk.
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workers have failed to verify such a simple
explanation. However,
no one can deny that surface tension is an
important factor in foam pro-
duction is generally encountered in the milk
plant, the author undertook
a study of the effect of tincture of iodine and
hydrogen peroxide on the
surface tension of milk.
In this experiment the Cenco-du Mouuy tensiometer was
employed.
The figures givenbelow show that progressive increases of
tincture
of iodine to milk causes corresponding decreases in the
surface tension.
This fact, no doubt, is due to the presence of alcohol in the
tincture
of iodine. Hydrogen peroxide shows no change in the surface tension
of milk when compared to the control.
When taking the readings, the insturment was first adjusted to
give a value of 77 dynes at 25°c. for distilled water.
Sample Dynes (Surface tension)
Control (Raw) 48
50 p. p.m. Iodine
46,9
150 p.p.m. Iodine
43 ' 2
200 p.p.m. Iodine and 41.5 (1); 47.9 (H202
Hydrogen Peroxide
H. Effect of lodization and
Buddeization on the Flavor of Milk
Since the flavor of milk is, beyond
any question, one of the
m0 st important facers from the quality
standpoint, consideration was given
to the effects of these reagents on
the flavor of milk.
Regular samples of control, iodized, and
buddeized milks were
prepared and were judged by members of the staff of
the dairy department
at Massachusetts State College.
The iodine flavor was invariably detected
in all the iodized
milk samples (ranging from 50 p.p.m. to 200 p.p.m.
iodine).
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The sharpness of the flavor was least
in the sample containing 50 p.p.m.
iodine and as such could be passed off
for consumption without series
complaints from the consumers. It must be
mentioned, however, a liking
for such milk must be acquired in much
the same manner as has been made
with pasteurized milk.
During storage, the iodine flovor in the
milk became intensified.
With regard to the effect of hydrogen peroxide
on the flavor
ofl milk, a more distasteful milk was
produced than with the iodine. The
flavor of the milk was described as bitter and
puckery, and at times
dull and flat.
The addition of such reagents to milk, no matter
what good att-
ributes they may pass on to the milk, is certainly
limited and depend-
ents to a large extent on the flavors produced
in the milk.
The addition of over 50 p.p.m. of either iodine
or hydrogen
peroxide to milk is, without doubt, detrimental to
the flavor of milk.
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4. Nutritional Properties of Iodized and
Buddeized Milks
A study of the biological properties of
milk as affected by
added iodine or hydrogen peroxide would be
incomplete if the nutritional
aspects of the problem were to be omitted.
in consideration of this fact, several
feeding experiments were
carried out with the sole purpose of determining
whether iodized and
buddeized milks benefit the animal body or not.
In all feeding experiments conducted in
this work, albino rats
obtained from various litters were used.
The literature on the subject gives several conflicting
opinions
in reference to the effect of iodine on
rats. In the light of this sit-
uation, the author deemed it advisable to carry
on some preliminary ex-
periments in order to determine the probable effects of
iodine and
hydrogen peroxide on rats.
1st Preliminary Experiment
A. Iodine Tolerance of Albino Rats
This preliminary experiment was done in order to
determine the
iodine tolerance of experimental rats when fed large
amounts of iodine
in the form of tincttre of iodine.
Ten animals were used, and they were being
distributed evenly in
in the groups; the sexes divided evenly into two
groups. It was to be
observed whether iodine might be more toxic in milk
than in water, or
visa versa. With this in mind, one group of rats
was fed iodine in
milk and the other group was fed iodine in water.
The paired feeding
method was employed in this experiment.
A basic breeder's diet* was fed to
each animal in addition to
* Formula obtained from U. S. P. 11
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the iodized milk ano water. The diet of the rats receiving the iodized
water received in addition to the basic ration whole milk powder in an
amount equivalent to the milk solids present in the ration of the
"iodized milk" group. In this way the diets were identical so far as
food value was concerned.
The quantity of iodine fed* at first was relatively small(.26 mg.
Iodine) since the rats were three weeks old when the experiment started.
The amount of iodine adoed to the milk was progressively increased
until the level of 20 mgs. of iodine contained in 20 c.c. of liquid was
reached. The animals absolutely refused to eat their feed when the
iodine consumption was in excess of 20 milligrams iodine.
At first it was expected that the rats receiving their iodine
supply in milk would tolerate more iodine than the "water" group, since
milk is more palatable than water and alj» that the iodine in milk might
prove to be less toaic than the iodine in water.
The feeding experiment was continued for twelve weeks. Table 23
and figure 1 show that both groups of rats which v.ere fed the same amount
of iodine but in different media showed very little differences in their
general behavior. Weekly weighings of the animals indicated that at all
times the rats in the"milk" group averaged slightly more in weight than
those in the "water" group, though the differences were very small.
* The iodine was fed in small, shallow glass dishes containing 10-20c.c.
of either milk or water.
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Table 23. Typical Data of 1st Preliminary Feeding Experiment
1
L Iodized Milk Group
•
: Iodized Water GrouD
Aver. Daily Feed Tat'. 9.95 Ems. t 9.95 Ems.
Average Daily (iain
•
in weight ; 3,42. gms. 2.35 Ems.
Total average net :
gain in weight . 203.6 gms. 197.8 gms.
Feed per 100 gm. •
gain in weight : 411.1 gms. 423.1 gms.
It is evident at once that the growth rates of the animals
are fairly normal, since normal albino rats of about 15 weeks of age aver-
age about 225-300 grams in weight. Apparently the rats did not suffer
from any possible toxic effects of the iodine.
The slight difference in weights between the two groups of rats
might be explained on the basis of palatability of the diets. The
iodized milk appeared to be far more palatable than the iodized water,
for daily observations indicated that the iodized milk was always con-
sumed within 4 hours after feeding, whereas the iodized water was only
completely consumed after an elapse of 10-12 hours.
There were variations in weight from week to week, with a gen-
eral decline in weight gains in both groups starting after the sixth
week. This phenomenon may be expected with almost any group of rats
since the period following the greatest increase in weight is usually a
more or less stationary period in which there is neither a marked increase
nor a marked decrease in growth.
The greatest difference in weight between the two groups in any
one week was 8.8 grams, and the smallest difference was .7 grams. It is
interesting to note that the greatest difference in weight occurred to-
wards the end of the feeding experiment, when there was a fairly sharp
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decline in the weight of both groups. This might probably inaic^te
that when a lowering of vitality or metabolism occurs, the effect is
greatest with the rats in the "water" group. The smallest difference
in weight between the two groups occurred at tine period of greatest
growth for both groups of animals.
The results obtained in this experiment seem to point to the
conclusion of Westra (44) who noticed that on prolonged administration
of iodine torabbits, a marked tolerance to iodine was induced.
It has been reported in the literature by Bircher (93) that
iodine causes injury to and atrophy of the sex glands. He quotes older
statements on this subject and records personal observations that, of
rats regularly dosed with iodine, most of the second generation females,
and all of the third generation are sterile, and that males also are
sterile in the third generation.
In consideration of this ^oint, the author took 3 pair of rats
from the first preliminary experiment ana caged them separately for
mating purposes.* The remaining rats were autopsied and no abnormal
conditions or pathology was noted. There was no relative hypertrophy
of body organs, no disappearance of fat tissue, and no noticeable
hemorrhages were noted. The tests appeared to be well developed, the
liver and kidneys appeared normal and the bones were strong.
The 3 pairs of rats were maintained on the same highiodine level
(i.e. 20 milligrams iodine daily).
After the normal gestation periods,** the female on the iodized
ilk diet gave birth to 9 rats, 2 of which were dead. The next day allm
*
-
2 pairs were placed on the iodized milk diet and 1
pair on the iodized
water diet. . •
•
** males had been separated several days before
parturition
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of the newly born rats were found dead, kt
the same time it was dis-
covered that the other female of the iodized milk
groups was dead-pro-
bably died just at the time of giving birth to a litter of young
rats.
The next day the "water" rat gave birth to six animals.
Within
a period of 4 days, she had destroyed all of her young
rats but one
male.
These two rats were kept together for a period 4£ months on
the same diet. The male grw normally and eventually mated
with his
mother. After the regular gestation period, the mother gave
birth
to 9 young rats, four of which she destroyed and five remained
alive
and normal. At this time the experiment, unfortunately, had to
be
discont inued.
The results obtained with these rats do not entirely justify
the report of Bircher. In fact, several other workers already men-
tioned in this work, -have not been able to verify Bircher' s report.
2nd Preliminary Experiment
B. Pasteurized versus Buddeized Milks
In this preliminary animal feeding experiment, an
effort was
made to study the behavior of albino rats when fed
pasteurized and
buddeized milks. The primary aim of this study was
to ascertain whether
or not pasteurized milk is inferior to a milk
which had not been subject-
ed to heat but which had been made safe from a
bacteriological standpoint
by the addition of 200 p.p.m. (2 cc.) of 3% hydrogen peroxide
solution
per quart of milk.
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Ten rats of as nearly the same
weight as possible were divided
into two equal groups.* The paired
feeding method was employed. In add-
ition to the pasteurized and buddeized
milks each group of rats received,
the diets were supplemented with
copper, iron, and manganese, according
to the recommendations of Elvehjen et al (28)
and Kemmerer et al (94).
The growth rates of the two groups
of animals were practically
the same. **A great deal of fluctuation
in weekly gains took place
during the entire feedxng period. This
tendency was characteristic of both
groups. Table 24 and Figure 2 indicates very little
difference in the
general behavior of both groups of rats. Female and
male responses to
the two diets were correspondingly the same.
Table 24 Typical D«+» "f Preliminary Feeding
Experiment
——————
—
—
——
—
——
— , n„JJ.i i7or) MiPasteurized Milk
Group
Average Daily
Feed Intake 52.1 c.c,
Buddeized lk
Group
52.1 c.c.
Average Daily Gain :
in weight
Total average net
gain in weight
Feed per 100 gra.
gain in weight 3669.01 c.c, 3836.5 c.c.
The slight differences observed in favor of the
pasteurized
are insignificant because the
figures represent resuita eCtained
on a very small number of rats.
The external appearances of both groups
of animals were similar,
though toward the end of the feeding
period, the coats of both groups
of animals were becoming relatively
rough and scraggly, unlike the coats
•"Rata were 3 weeks old ^en
experiment sxarx^u.
** The duration of the experiment
was 13 weeks.
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of rats on a regular mixed diet consisting
of liquid ana dry feed.
Upon autopsy, the animals aid not show
any abnormal conditions.
C. Comparative Nutritional Value of
Raw, Pasteurized, Iodized, and
Buddeized Milks on Albino Rats
After having determined the possible effects of
iodine and
hydrogen peroxide in milk on the behavior of
rats from a nutritional
standpoint, the author made an attempt to run a
carefully controlled
feeding experiment on albino rats using the different
kinds of milks
mentioned above. By running this experiment it was hoped to gain
more ex-
act data on the comparative nutritional value of these milks.
Fifty rats were used in this experiment. There was an equal
number of animals representing each sex. The animals were approximately
3 wetks old. They were divided into 5 groups, each group
containing
5 females and 5 males of nearly the same weight as
possible and dis-
tributed as evenly as possible in all the groups.
The following group designations were made:
Group 1# pasteurized Milk
Group
„ 2 . - Raw
it 3> Buddeized "
"
it 4. Dow Iodine Level Group
u 5> High Iodine Level Group
The buddeized milk group received milk which contained added
hydrogen peroxide (3% solution) at the rate of 200 p.p.m. (2 c.c.)
per quart of raw milk.
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The "iodized" groups of rats were segregated into two groups
(as already indicated above) for the express purpose of determining the
growth
reaction of rats to a diet containing relatively small amounts of
added
iodine to milk and to a diet containing relatively large
amounts of added
iodine to milk.
The reason for using these two levels of iodine in the
diets
of the rats was that it was felt that rats might respond
favorably to
small amounts of iodine despite the fact that the iodine
in small quantities
cannot destroy the bacteria in milk as does the- pasteurization
process.
The higher level of iodine was used so that the bacterial death in
milk
might approach that of the pasteurization process and at the same time
show its possible effects on the growth of the rats.
The milk in the case of the low iodine level was iodized at the
rate of 50 p. p.m. (.5 c.c. tincture of iodine per quart of raw milk)
and in the case of the high iodine level, the rate of iodization was
200 p. p.m. (2 c.c. per quart of raw milk).
The feeding experiment was conducted on the paired feeding
principle, that is, the amount of milk that each rat in any group re-
ceived depended upon the intake of the animal which consumed the least
amount of milk.
The one exception to this method of feeding was in the case
of the rats on the high iodine level. It was natural to expect, and
later results confirmed this expectation, that these rats would not
consume the milk in as larg amounts as would the other four groups,
because the excessive amount of iodine added to the milk rendered it un-
palatable. Hence, the fifth grjup of rats could not be compared dir-
ectly to the other groups.
Note: All the milks were mineralized as previously stated in the pre-
liminary experience.
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Table 25. and Figure 3 show the results obtained in this experiment.
Table 25. Typical Data of Feeding Experiment
: Group 1 s
•Pasteurized
' Group
, Raw
2 : Group 3 : Group 4 , Group 5
,
,Budde^zed .Tow Iodine
,
High Iodine
:
,
• 4 , i i
Average .
Intake
48.6 1 48.6 1 48.6
t . i . t 1 * 1 :
48.6 48.6 ,48.6 .48.6 .48.6 . c0.4 . 30.4
1 1 i i » • •
1 1 « 1 • • «
Average
.
Daily Gain*
in weight
(ems.')
1.10 1 1.15 '
\ 1
1.22
1
1.20
1
1.23 |l.o8 | .785 * .982 \ .468 * .373
1 i . t t * 1 1
Total ;
Average
;
Net Gain j
in weight :
69.8
,
72.2
I
77.3
i ; : 1 :
1
, j : : 8 A<f S x
| 75.9 , 78.0 | 68.6 i 49.5, 61.9: 63^9- j 23.5
, i i > i
'
Feeo per :
100 gm. s
gain in
:
weieht :
4391.114245.1:3965
: : : i : t s
: 4038^ 3929. V; 44679 -6191.71 4943 . 5 *6492 . 2 : 8149 .
2
J
:
1 T
:
1
: :
: :: : : » :
It is evident from these figures that all groups of rats show
practically the same rate of growth with the exception of Group 4. the low
iodine group. (Note: The fifths-group cannot be compared directly with the
others because of a lower food intake.) Apparently, the daily feeding of
iodine (50 p. p.m. iodine) decreases somewhat the gain in weight in rats over
a period of nine weeks. The small differences in weight between the first
three groups cannot be interpreted as being significant, since animals nor-
mally vary somewhat in weight. Figure 3, which illustrates the growth curves
shows wide fluctuations in weekly gains in the first four groups. However,
the general tendency is the same for these groups. In the fifth group, the
curves show a constaa t aecline in weight for the first two weeks, then a
slow rise followed by a more rapid rise. This tendency probably indicates
the fact that the rats consuming large amounts of iodine lose weight because
of their inability to cope with such large amounts of iodine. However as
time passes, they begin to gain weight, exhibiting a gradual tolerance to
the iodine.
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Time in Weeks
Figure III. Growth Curves of Feeding Experiment.
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It should be mentioned that 3 male rats in Group 5 died during
the course of the experiment, two of which having died of an ear infec-
tion.
Two male rats in Group 4 also died during the course of the ex-
periment .
The death of the male rats in the iodized diets seems to point
out that male rats do not tolerate as much iodine as do female rats.
After the feeding experiment was concluded, the rats were all
autopsied. All internal organs seemed to be normal. No relative hy-
pertrophy was noted, with the exception of the thyroid glands of the
pasteurized and high iodine groups of rats as shown in figure 4. In
order to substantiate the apparent truth of this illustration, the in-
dividual lobes of the glands were weighed both fresh and dry.*
wt. of fresh gland wt. of dry gland
Group 1 (Pasteurized) .0088 gm. .0022 gms.
Group 5 (Iodized) .0083 gms. .0017 gms.
In general, on the basis of the fresh and dry weights of the
gland, the administration of iodine to rats, resulted in smaller thyroids
than when normal pasteurized milk was fed.
Figure 5 shows photomicrographs of the cross-sections of thyroid
glands representing pasteurized milk fed rats and iodized milk ( Group 5)
fed rats. The most striking histologic result of prolonged iodide ad-
ministration is a marked flattening of the epithelium of the thyroid
acini and a deposit of large amounts of colloid material in the vesicles
of the tissue.
D. Comparative Growth Rate Studies of Pasteurized Milk-Fed and Iodizea
Milk-Fed Rats
* Average of 4 glands in each case.
Figure k. Thyroid Glands of Experimental
Animals.
r
1
> \ * 1/ w Hf M
r
liyroicA &\an4s o£ Con1V©f Rats
Photomicrograph of Thyroid Section
of "Pasteurized" (Control) Rats
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In order to substantiate the results obtained In the previous ex-
periment, another one was started to ascertain more definitely the retard-
ing effect of large amounts of iodine on the growth of rats.
In this experiment,* 6 groups of rats consisting of two rats in
each group were fed pasteurized milk and iodized milk (200 p. p.m.) accord-
ing to the paired feeding priciple. Both kinds of milks were mineralized
in the usual way.
The ages and weights of the various groups of rats varied by as
much as 7 weeks at the beginning of the feeding experiment, and a variation
of 87 gms. in weight. Table 26 and figure 6 shows the results obtained in
this experiment which lasted for 6 weeks.
Table 26. Typical Data Obtained from Pasteurized— Iodized Milk Feeding
Experiment.
.Group 1 : Group 2 « , Group 3 s Group 4 .Group
[ 4
Weeks)**
>
(8 weeks)
t
( 4^- weeks) ^3 weeks) j(3 week
1 JJL
Grouo 6
(3^- weeks)
Average Feed :
Daily Intake :35.6
(c.c.) »
: : :
35.6:32.8«32.8 «34.5
i i
Average ilaiiy:
gain in wt. ;1.105
(gms.) ;
34.5 40.1 :40.1 »38.2«38.2
t : :
36.8 36.8
,980
i s
.893:. 462 ,1.10
: t
.993
i t :
1.301:1.252,1291:1.192
L I i
1.185 1.173
Total Average,
net gain in ,46.4
wt. (gas.) :
t t :
4116 , 37 .
5
: 19 .40, 46£0, 41 .
7
: : : :
: t t
54.64; 52.58: 54^2: 50.064 49.77 49.26
It appears from the above figures that milk iodized at the rate of 200
p.p.m. has a definite inhibitory effect upon the growth of rats, though in some
cases the differences between the pasteurized and iodized milk groups are too
small to be of any significance in biological work.
A very interesting observation may be made here. It will be noticed
that the older the rats are to begin with, the greater is the effect of iodine
on their growth. It seems that the older the rat the more difficult is it for
» Animals consisted of 4 females and 8 males.
** Number of weeks here designate the age of the rats at the time the feeding
experiment was started.
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the rat to accustom itself , the
iodine. As a result, the daily feed
intake is limited and growth is retarded.
In this experiment, iodine seems to have a
retarding effect upon
growth, since all other conditions, such as
feed intake, have been made
as constant as possible within the group.
The same general tendency is
noted for males as Hell as for females.
Summary and Conclusions
A study of the effect of added iodine and hydrogen peroxide to
milk was made in an effort to determine the possible effects of these
re-
agents upon: (1) bacterial content of milk, (2) some of the
enzymes nor-
mally found in milk, (3) some of the digestive enzymes added
to milk,
(4) the physical, chemical, and nutritional properties
of the treated
milks.
1. It was found that iodine as high as 200 p. p.m. when immediately ad-
ded to milk is approximately 75/. less efficient than pasteurization
in
destroying bacteria in milk. Upon further contact with the milk at 50<>F.,
there arefnore bacteria destroyed up to twelve hours by the
iodine, but
the numbers are not significantly reduced. After twelve
hour contact,
the bacteria start to increase in numbers, but at a slower
rate than in
raw milk. The addition of as much as 50 p. p.m. iodine
to milk does not
decrease the numbers of bacteria in milk, whether of a low
or a high count .
2. The addition of hydrogen peroxide to milk is more
efficient in killing
the bacteria in milk than is^odization (in the same
concentration) but 40/.
less efficient than pasteurization.
3. Iodine has a definite paralyzing effect upon the
activity of some of
the enzymes-both those found normally in milk and those
of the more im-
portant onesjLf the digestive tract.
in toluene-preserved milk samples, iodine at
the rate of 50 p.p.m.
has a slight activating power on rennin.
Beyond that concentration, iodine
is toxic to rennin activity. In non-preserved
milk samples, there is a
decline in the activity of rennin with an increase
in iodine concentration.
Another exception is in the case of
eatalase. In toluene-preserved milk
samples, the catalase activity of milk
increases slightly up to a concen-
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tration of 100 p.p.m. of added iodine; this is followed by a decrease in
catalase activity with an increase in iooine concentration. In non-
preserved samples, there is a definite decrease in catalase activity
with an increase in iodine concentration.
4. Hydrogen peroxide affects the activity of such enzymes as rennin,
catalase, amylase and peroxidase, in relatively low concentrations, but
only in high concentrations does it affect milk lipase and protease some-
what
.
5. Pepsin, trypsin and steapsin are not sensitive to hydrogen peroxide.
6. The presence of oxidase in milk is of such a minute amount that its
quantitative estimation in milk could not be studied with any degree of
accuracy.
7. As far as the effects of iodine and hydrogen peroxide on the physical
and chemical propertiesoof milk are concerned, it has been found that the
iodine number of milk fat is not affected by these reagents. The pH
values are slightly lowered by the additions of iodine and hydrogen
peroxide. Most of the iodine added to milk is lost in the skimmilk during
separation and in the butter milk during churning.
8. There is no effect on the curd tension of iodized or buddeized milks,
9 . Milk iodized with tincture of iodine lowers the protein stability of
the milk. No such effect i^bbserved in buddeized milk.
10. There is evidence of a slight improvement in the whipping ability of
cream made from iodized ana buddeized milks.
11. No significant differences were observed in the refractive indices
of the differently prepared milks. Neither were there any significant
differences in the melting point of the milk fats prepared from these
milks.
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12. The creaming ability of iodized and buddeized milks was not affected
as was the pasteurization of milk.
13. The suface tension is lowered by iodizing the milk; this finding does
not hola true for buddeizing the milk.
14. The addition of over 50 p. p.m. of either iodine or hydrogen peroxide
to milk imparts an undesirable flavor to milk. The effect is greater with
the hydrogen peroxide than it is with the iodine—a bitter, puckering
flavor being produced.
15. Consideration was given to the iodine tolerance of albino rats and
it was found that these animals can tolerate relatively large amounts of
iodine (20mgs. daily) without any apparent toxic effects. A higher con-
centration of iodine in the diets than 20 mgs. daily resulted in a re-
fusal of the feed by the rats, with self- starvation as a consequence.
16. No injurious effects of this amount of iodine were evident either
on the progress of pregnancy or of parturition of 3 pairs of rats, except
that which may ordinarily occur in normal breeders. There is no evidence
in this work that the daily ingestion of large amounts of iodine may in
time cause sterility in either male or female animals.
17. A comparison of the nutritive merits of buddeized milk and pasteurized
milks on rats did not reveal any significant differences.
18. A direct comparison of the nutritive value of pasteurized, raw,
buddeized, and iodized milk (50 p.p.m. iodine) was made using 40 albino
rats as subjects. Results obtained indicate no significant differences
between the animals fed pasteurized, raw, and buddeized milks, but a slight
retardation in growth was observed in the case of the rats fed the iodized
milk. As a means of checking the consumption of milk iooized at the rate of
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200 p. p.m. iodine, 10 other rats of approximately the same age and weight
as the 40 rats mentioned above were used in this experiment, and it was
found that the intake of milk was decidedly limited. This resulted in
undersized rats. As time went on, the intake gradually increased to almost
the same as the other 40 rats, but their weights never approached those of the
others. This finding indicates a marked tolerance to the iodine upon pro-
longed feeding.
19. In order to further substantiate the finding that iedine retarded the
rate of growth of rats, 12 more rats, divided in groups of two and fed
according to the paired feeding method, were used. One member of each
group was fed pasteurized milk and the other member fed milk iodized at
the rate of 200 p.p.m. iocdne. The results obtained indicate that there
was a definite retardation in growth apparently caused by the iodine.
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